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SUMMARY

Provided herein are compositions, devices, methods of making compositions and
devices, and methods of using compositions and devices, among other embodiments.

One embodiment (Embodiment A) provides, for example, a composition comprising
at least one metal complex comprising at least one metal and at least two ligands, wherein at
least one first ligand is a sigma donor to the metal and volatilizes upon heating the metal
complex, and at least one second ligand different from the first which also volatilizes upon
heating the metal complex, wherein the metal complex is soluble in a solvent at 25°C.
Methods of making, formulating, and using this composition also are provided for
embodiment A and sub-embodiments thereof.

In one embodiment, the metal is silver, gold, copper, platinum, or ruthenium.

In one embodiment, the metal is silver, gold, or copper.
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I n one enbodi ment, the first ligand is a tridentate |igand. I n one
enbodi nent, the first ligand is an am ne conpound conprising at |east two
ni t rogen.wo 2011/05¥218one enbodi nent, the first ligand i s &ROETOISSH1083874 Cca
am ne conpound conprising at |east two nitrogen. In one enbodi nent, the
first Iigangils te drothlo E or an m ne. |In one enbodi nent, the
first |igand"i°8°4& ﬂ ?ﬁ/“ﬁ VO8I can be cylic or linear. In one

embodi ment, 1hRkge feh1'b§@.mle'nﬂ@l&dmbt%l Bthplx @&ﬁngﬂiys BRIy die rRA® RARedi ment, the
second ligand is a carboxylate. In one enbodi nent, the second Ilgand is a

car boxyl at e Io@npuembpdngleah tlad agtal yriwap oxidation stitg obfé oeftbodi nent, the second
ligand is a.carbox e in Ris an al kyl group,
wherein R h&g opp © 8% $ aﬁﬁgﬁ éﬁdﬁ%nmmogénm?ﬁggﬁg enbodi nent, the second
ligand is alﬁ@h@@mb@mnf ey Bsenged by bRRERR ligsherein R is an al kyl group,
wherein R has 5 or fewer carbon atons. | n one enbodi nent, the conposition

i s subst ant ilalong cpbadiment, anidishligandliea tridentaimbeaadbodi ment , t he conposi tion
is totally fé%ﬁe%&bQ&@?@?ﬁ@éﬁ&?ﬁemdls m&ﬂmQBﬁmBpR?Q%gﬁ%&ug%H&m9 osition

has a sharp decomnposi FARSIEron” Be inning a ure of |ess
t han 2G&ogen. In one enbodi nent, the conposition has a sharp

deconposi tion tran ition beginnjng at a tenperat%re-of | ess than 150C.
In one enbodiPBREMOPEECEE ist HgAhddapn pRsYEtRstEeR! 3MinheARPOIsE CPRPIIENL| east

100 houyg agtkgqg&o bstantial deposition of netal (O0). In one
enbodinent, t he c&%%bsition further conprises at |east one solvent for the

conpl ex. In oné emboéinenh ol fimshligantihe tetrehypyethiapband ardntenine.onpri ses at
[oast one aramiLlcoSid oot oon, sobuent vcne AR OSSR IR bb,
of the conmplig¥nt SmBB&itten? A AB{ MEan@lis h&SSphosphine.
In one embodiment, the second ligand is a carboxylate.
In one embodiment, the second ligand is a carboxylate comprising an alkyl group.
In one embodiment, the second ligand is a carboxylate represented by -OOC-R,
wherein R is an alkyl group, wherein R has 10 or fewer carbon atoms.
In one embodiment, the second ligand is a carboxylate represented by OOC-R,
wherein R is an alkyl group, wherein R has 5 or fewer carbon atoms.
In one embodiment, the composition is substantially free of nanoparticles.
In one embodiment, the composition is totally free of nanoparticles.
In one embodiment, the composition has a sharp decomposition transition beginning
at a temperature of less than 200°C.
In one embodiment, the composition has a sharp decomposition transition beginning
at a temperature of less than 150°C.
In one embodiment, the composition can be stored at about 25°C for at least 100 hours
without substantial deposition of metal (0).
In one embodiment, the composition further comprises at least one solvent for the
complex.
In one embodiment, the composition further comprises at least one aromatic
hydrocarbon solvent.
In one embodiment, the composition further comprises at least one solvent, and the
concentration of the complex is about 200 mg/mL or less.

In one embodiment, the solvent is an aromatic hydrocarbon solvent.

2
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I n one enbodi nent, the solvent is an aromatic hydrocarbon solvent. 2 WO
2011/ 057218PCT/ US2010/ 055874 I n one enbodi nent, the netal conplex conprises
at | east @62t/ awtal . I n one enbodi nent, the netal corpras2compIsises at

| east 50 wt.% netal. I n one enbodi nent, the netal conplex conprises at

least 70 wt. % netal. In one enpodi nent, the second ligand is a carboxyl ate,
and the 11 91 OPF GRRASHENS Ry aUER EX EHRESS dhEot e Hepdiedls st | ver . gal
Or COpPEer. Inone chBo@nRne MROALAEN mpltDBoRFERIM! lch@30dvti o8 nfetgar boxyl ate, the
first ligand is a pol ydentate unsynmetrical amne, the netal is silver or

gol d, and whewost ambhdinsot, venmeiascaroplor pemprises at leagi GOhver% endtddi ment

(Enbodi nent B) proyides conposjtion.co ISl at, | east ..one .netal conpl ex
Compri 1 ng. At erBSSPoaRRnfFETRERL PR SR TROL SRR, Sl hERRL PR LT | coct
one fi rgflydeh@aéhing, dshd iefat Boad, Boldgdod doppad, and at | east one second

ligand different fromthe first which, optionally, is a carboxyl ate,
wher ei n t he Ireparmbediicas thassesond kigandiina sarberxiaat thafirg dgandusihods of

maki ng, i - i ng j OMROSIL | . i for

Embod: o eBH P SRR A TR LAY, Bl ALE B B deR

subst anbivahd.y free of nanoparticles. I n one enbodi ment, the second
ligand is a carpoxylate; i.e. .he carboxylate is not optional. In one
enbodi ment , 4%%{&@@9@% (%@b%ilmeﬁt B hroxigepi 6XMpesitign gqumptsingnt gasygne

In one &QQ%MHE : f Sanhahinj i ¢ i Leand. The
thioetﬁgr can b%$%§% ?@ﬁ%#I ﬁ%ear.a?ﬂkg%ghgggggﬂﬁéﬁg?5?%§§i5$$ﬁ%b%%ntaining
| i gand first ligand ahy sid Dir-keb ojevemgeligaind, onlent devsoaticrsecdnd lidaed diffdrent foomthaifivstng

ligand is a di.al kylthioether. In one _enbodi nent, the | fur- cont ainj ng

11 oand V8o, ot Pl Ao it Ao 4t et ot SO RBIE ibgHp&RR RIS gand
is a diNbihegd dBakih® ORISR0 dhABRIAe tHiNGrepsitidh-t@H@prividlfbgand conpri ses
one or two sulfur atons. |In one enbodinent, the sulfur-containing ligand is
a bi derfirapadimirfdhand sub-embadimente thendpd d iTire gempeidonseanthgrsubssatiillyifreg of i gand
has siﬁmcangpqs or less, or four carbons or less, or two carbons or |ess.
Anot her 8RS AT et (Enmbodi nent C) provides a conposition conprising at

| east one mahahe eMBBYi@ENE BMPIcSAd gl i$ £35boRy IS, dhe dtoAtlatk @28dt t WO
| i gands, wherein at |east one first ligand is an amno |igand, and at | east
one sedﬁﬁ@nﬂigand different fromthe first which, optionally, is a

car boxyl at e’ln‘ﬁﬁg%&ibpdih{%ﬁf, T Ant &GP BPhE% h?thté %&%&Bieﬁ il B 18P 90 Wg9L at 25C

Met hods of making, tormil’ati ng, and usi ng I conp05|€|on also are
provi ded f orin one embodiment, the sulfur-containing ligand is a thiocther ligand. The thioether

can be cyclic or linear.

In one embodiment, the sulfur containing ligand is tetrahydrothiophene.

In one embodiment, the sulfur-containing ligand is a dialkylthioether.

In one embodiment, the sulfur-containing ligand is a dithiaalkane.

In one embodiment, the sulfur-containing ligand is a dithioctane.

In one embodiment, the sulfur-containing ligand comprises one or two sulfur atoms.

In one embodiment, the sulfur-containing ligand is a bidentate ligand.

In one embodiment, the sulfur-containing ligand has six carbons or less, or four
carbons or less, or two carbons or less.

Another embodiment (Embodiment C) provides a composition comprising at least one
metal complex comprising at least one metal and at least two ligands, wherein at least one
first ligand is an amino ligand, and at least one second ligand different from the first which,
optionally, is a carboxylate, wherein the metal complex is soluble in a solvent at 25°C.

Methods of making, formulating, and using this composition also are provided for
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3 WO 2011/ 057218PCT/ US2010/ 055874 Enbodi nent C and sub-enbodi nents t her eof
The conposition can be substantially free of nanop artic les . Another
enbodi mrerwoppovis@as t hat t he content of nmetal in the corpras2018/053874 east 50
wt. % Anot her enbodi nent pr ovi des the second ligand is a carboxyl ate.

Anot her_ enb : sil ver er | ati.num or
Pt hont ERFOSReR o r Er o R S0t s [Th EomBEai ot GigieckORamy 26 Bni y one
nmet al GRAbSIcIANOt her errbodi rrent pr ovi des the metal is in an oxidation
state of (1) or (I1). Another enbodi nent provides the first ligand is a
nmonodent at e Anaghgr¢mbadmndne proomdss dhatein coptant ptmstat inethf complek iigyatienst §0 a

bi dent at &, I i gand. Anot her enbodi ment provides the first ligand is a

tri dent% € |igand. Anot her enbodi ment provides the first ligand is an

unsymet ri cahndRdrieentold iadiel pﬁdii'iﬂl’fs itled dgordt ligLasE a bBo}IhteOgen. Anot her
enbodi nent provides the first %and is an unsymmetrical amno |igand

conpri sing a%nqth@mWWPmyg@ﬁ he metal is AHBehEeld etbBel: RSHIUPEPOdi nent D)
provi deﬁe1 12nf osition conprising at |east one neutral netal conplex
conpri sing at 'l east one netal in a (I') or (Il) oxidation state, and at

| east two | ugtanhia ernfdtbéfrﬁ&m paividesalsd motabcdmplst compiadrd ohlsy anenmsthlra@htesi gna
donor to the metal g:lvol atlllzes up OE heati ng the met?l corrg)l ex to a

t enper at ur e AL cIheeiment groyidas dhgsmeighis 18 &k gridate Yalc @ ﬂ) {8 di f f erent

fromthe fi r&ﬁotﬁ%}'eﬁboﬁ rﬁ&téfﬁvi’dés'tﬁ@ﬁ%t Hgé%'a 1§‘§ﬁ{dn89er&£’c§ Ii conplex to a

t enperature bel ow 150C, rein, optionall t he net al rrpl ex i s soluble
in a sol ventAmth@&@bothndm@mvdﬁesMﬁmgliga‘tldnwbaienmg: ligand. using this

conposition rovi ded.f or nbodi ment s t her eof
Anot her errbo%ilqrrg?{ ‘TE’P thvﬁ‘Le Fli‘erEgliBt F%ag@ﬁ%la Eé‘?eé?%é%fﬁ‘i‘ﬁ cont ai ni ng |igand.
Anot her enboghdiRHenMo@Mh AR providesfihd Sist ligBandan ﬁnéyﬁ{rﬁe'%ﬁé’éi%ﬁﬁﬁd Rehane.

Anot her enbodi nent provides the first ITgand is t hi oet her. e thi oet her

can be copwrisingat ldaptriwamitrogen.

Another embodiment provides the first ligand is an unsymmetrical amino ligand
comprising at least two nitrogen.

Another embodiment (Embodiment D) provides a composition comprising at least
one neutral metal complex comprising at least one metal in a (I) or (II) oxidation state, and at
least two ligands, wherein at least one first ligand is a neutral sigma donor to the metal and
volatilizes upon heating the metal complex to a temperature below 150°C, and at least one
second anionic ligand different from the first which also volatilizes upon heating the metal
complex to a temperature below 150°C, wherein, optionally, the metal complex is soluble in a
solvent at 25°C. Methods of making, formulating, and using this composition also are
provided for Embodiment D and sub-embodiments thereof.

Another embodiment provides the first ligand is a sulfur-containing ligand.

Another embodiment provides the first ligand is tetrahydrothiophene.

Another embodiment provides the first ligand is a thioether. The thioether can be
cyclic or linear.

Another embodiment provides the first ligand comprises at least two sulfurs.

Another embodiment provides the first ligand has six or fewer carbon atoms.

Another embodiment provides the first ligand has four or fewer carbon atoms.

Another embodiment provides the first ligand has two or fewer carbon atoms.

Another embodiment provides the first ligand second ligand is a carboxylate.
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Anot her enbodi ment provides the first |ligand conprises at |east two

sul furs. Another enbodi nent provides the first |igand has six or fewer

car bon atwopollAsaiiBer enbodi ment provides the first |ig&ad/Usas10f083874 or
fewer carbon atons. Anot her enbodi nent provides the first |igand has two or
fewer carbon, atons. ~Anot her enbodi nent. pravides the .first |igand second

| Coand 1o o MBS ItaREnes b Go 1y BET SPEPURIO TS/ A PATA I AT Ve

enbodi ngndgspr ovi des the nunber of carbon atons in the conplex is twelve or

| ess. Anot her enbodi nent provides a nethod conprising: depositing an
ink on a surAetksr owbedanent priyidask reshed ¢arpprisng: dapasding avnnla o ersdifags, t o

enbodi nent s _descri bed .herein, and produci ng _a, conductj ve. al .film by
neat | ng" Brop Tl SPFRE S R oA SR MR AP R RE i ket o 1 s
carri echrodifcitlya fRREDE méthl PIAELLIRREE ¥R MHadidthe spidddKci ng step is carried
out by irradiating. I n one enbodi nent, the ink conprises a

conposi ti on Ta®Be eebadimest, thipyailveng stap Hrrgrisqdrus b bedtnent s t her eof I'n
one enbodi t b« j J ¢ >Cor-di to Enbodi ment B
and sub-engggPR%%F@O@%ngggﬂ&ba&§n$ﬁ%§%nghdégﬁggﬁggﬂgkggink conprises a
conposi ti on laeaoksbodintent, Bdial icorptisds aasvehwisiioa abaddingndé Enibbaineat Aand I n
one enbogiggnh, the ink _conprises a conposition according to Enbodi nent D

and sub H%%?%ﬂ@ﬁﬁfeof In one enbodinent, the netal is gold, silver,
or copper. |1 ABemeERRHLIRL i_nktctaﬁllphgég d&ﬁ;@ﬁbﬁ%é&&hﬁ t§ Effbof@iment B and
nanoparticles before deposition. I'n one embodinent, the ink Is

subst amubahibpdimas thfrenfinoparti cl es after deposition. In one enbodi nent,
the depositing is carried out by inkjet deposition. . L n one

erbods ment - 1FREC FFORGEIRG Rk AP rp Bt Ao Rieher Hiise A ErbRERGt Gandor
about 290G YodlESSs thereof. | N one enbodi nent, the producing is carried out

by heating at a tenperature of about 200C or |less. '
In one embodiment, the ink comprises a composition according to Embodiment D and

sub-embodiments thereof.

In one embodiment, the metal is gold, silver, or copper.

In one embodiment, the ink is substantially free of nanoparticles before deposition.

In one embodiment, the ink is substantially free of nanoparticles after deposition.

In one embodiment, the depositing is carried out by inkjet deposition.

In one embodiment, the producing is carried out by heating at a temperature of about
250°C or less.

In one embodiment, the producing is carried out by heating at a temperature of about
200°C or less.

In one embodiment, the producing is carried out by heating at a temperature of about
150°C or less.

In one embodiment, the film is in the form of a line, and the line has a conductivity of
at least 1,000 S/cm.

In one embodiment, the film is in the form of a line, and the line has a conductivity of
at least 5,000 S/cm.

In one embodiment, the film is in the form of a line, and the line has a conductivity of
at least 10,000 S/cm.

In one embodiment, the film is in the form of a line, and the line has a work function

which is within 25 percent of the work function of the pure metal.
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I n one enbodi nent, the producing is carried out by heating at a tenperature
of about 150C or |ess. In one enbodinent, the filmis in the form of
a line, amO20hesiilBe has a conductivity of at |east 1, 0POTE/Seom0/055874 | n
one enbodinent, the filmis in the formof a line, and the |line has a
conductivity of at_ least 5,6 000 S/.c ln on odi ment, the filmis
T the. f or miBona SRETAAE RS R hosm ot aSeER G LyF b ok HEoR0, 000
S/'cm  which is'WitiiR e 0 PEREAH SRR wolRinktidi 01 the pitctt@alf orm of a line, and the
line has a work function which is within 25 percent of the work function of
t he pure netlalone smp@lipEnt gz BRCHUSH0 DA GBESNY the line hasr weork femdbiodi nent ,
the film.s.in.the formof.a lin nd e line has a work function which
o AT DUFES ReRS Shinf bk gl pLHE ap RS & ot al I one
enbodi nent, Akghdriehiboldfndnd ptdvedck armetBdd Sorhprikeag: adiholififg hi N dhSsURf20OT K
function which is within 5 percent of the work function of the pure netal..

Anot herto &b eI GonuGitiag sheadapesintod wetwhfiinai mpreiadiosrte] fin shewsik on a
S””ac%@i%ff&fé QPR ki E?g&%%ﬁtloqghtvbg KRR @ggﬁ{eﬂl. film wherein
tal fi h a wor kT GRCtion whi ch $in

11
m SNOWS

t he me I's Wt percent of the work
function of Ihlbaepimbedimehalthe deposin® teateddi ment, the deposit is heated. In
one enbodi nent, th% eposit is irradiated. I n one enbodi nent, the ink
conprises a [BORPEIPP§IFINE ROIdONG SIB2EAMS8di nent s descri bed herei n. I'n
one  embodi Mtone blBodifent APHk 26ihpfts S RATIAR oBGK A Jid mb0uiERRAI ment. A
and sub-enbodi nents thereof In one odinent, the ink conprises a

conposides@ibedhemindi ng t o Enbodi nent B and sub-enbodi ments thereof In
oneembodi mentthe ool compr ses a composi ti.on accor ding, to,Ebodi rent

sub-embodiments thereof.

In one embodiment, the ink comprises a composition according to Embodiment B and
sub-embodiments thereof.

In one embodiment, the ink comprises a composition according to Embodiment C and
sub-embodiments thereof.

In one embodiment, the ink comprises a composition according to Embodiment D and
sub-embodiments thereof.

In one embodiment, the metal is gold, silver, or copper.

In one embodiment, the ink is substantially free of nanoparticles before deposition.

In one embodiment, the ink is substantially free of nanoparticles after deposition.

In one embodiment, the depositing is carried out by inkjet deposition.

In one embodiment, the converting is carried out by heating at a temperature of about
250°C or less.

In one embodiment, the converting is carried out by heating at a temperature of about
200°C or less.

In one embodiment, the converting is carried out by heating at a temperature of about
150°C or less.

In one embodiment, the film is in the form of a line, and the line has a conductivity of
at least 1,000 S/cm.

In one embodiment, the film is in the form of a line, and the line has a conductivity of

at least 5,000 S/cm.
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I n one enbodi nent, the ink conprises a conposition according to Enbodi nent
D and sub-enbodi nents thereof In one enbodi nent, the netal is gold, silver,
or copperwolntigs&i8nbodi ment, the ink is substantially PCEASRH10/055874
nanoparticl es before deposition. In one enbodi nent, the ink is

substantiall.y free. of. nano ticle t er .deposi ti n one enbodi

the dopos t IHgnF STEATTER THtinh( if e 1o AEgGBFGrTe fine B Gongiity

enbodi neMast t0)g0cHBYerting is carried out by heating at a tenperature of
about 250C or | ess. I n one enbodi nent, the converting is carried out

by heating dnoaceebpéinentties bim abothe 2000f ailint.gmd.the line haslaverkduestivodi nent
t he conver arrled t t a tenperature of about 150C or
| ess. Chls “%ﬁéﬁgﬁﬁﬁﬁt ﬁ%@n Iﬂﬂwg “PHNef orm of a Iine, and the
line has a CIQ ey @fnlbtddifménﬁfth@ﬁlrﬁ Ba thelfoBAOf BMi@B) and the lind hs@nGorRTRdioRENT ,

the filmis in the formof a line, and the Iine has a conductivity of at

| east 5Yigoissyighin S@cwonbefithy BT lepEmY 0Sho PUKIBHR!7 4 In one
nbodi ment , f
et oty Al gt oo Lo ghgat R OB 1y

i n the doarphisinl adildabtiude nadial anbat leamwbatga@dswhkretmdtasmsnaﬂiﬁnsclhgana isathin 10
per cent . of the wor k function of the pur In one enbodi nent,

e.netal .
the fi |SgM&dener g demagtahand valatiliges upgﬁctle%tﬁtg tﬁ*? metal semylexond 3t lgst ensn whi ch
i's W thiyrl I%B&Wﬁtlchoe{lsot Natieky &H‘Eéa'tlﬁ tlf%fmetlﬁ'lec 1&, WRiefin the metal AnOt her

enbodi ment provides a conpositio conpr sing at ast one netal conplex
conprlsmngﬂaqmbembh1maeoheMaﬁ2§KH at least two Ilgands wherein at | east
e nmeta voIat|I| pon heating

one first |igand i3 SI r tot es

The meral cdimmesmogharal HoaSt Rimd tetdfrermuuio i bh e B8 a1 1 ses
upon heat i Ngniohe cABbaAImHL TR o6t 1i¥dharaal thd ReoElighd GRIBRXnt gaRkubl e in a
sol vent at 25C. In one enbodi nen the first ligand and the second | i gand

are the sandgnlongambodimens lee watebidionppar, In péer ¢mbedimiegtaritic awtk! chrealsebond
Ilgand re different e .epbodi nent, the nmetal is copper. In

ot Par dBE St S0 gt 3R IR RGN SRR O TN I oE LR ey, ConPe

pl ati num orinlodt B@BbdiMent, the first ligand comprises at least one nitrogen atom and at least
two oxygen atoms.

In one embodiment, the first ligand and the second ligand are the same ligand, and
wherein the first ligand comprises at least one nitrogen atom and at least two oxygen atoms.

In one embodiment, the first ligand and the second ligand are the same ligand, and
wherein the first ligand comprises at least one nitrogen atom and at least two oxygen atoms,
as well as at least one fluorine.

In one embodiment, the first ligand is a tridentate ligand.

In one embodiment, the first ligand is a tridentate Schiff base ligand.

In one embodiment, the first ligand comprises at least one secondary amine group, at
least one carbonyl group, and at least one ether group.

In other embodiments, the compositions consist essentially of ingredients and
components described herein.

Another embodiment provides a composition comprising at least one metal complex
comprising at least one metal and at least two ligands, wherein at least one first ligand is a
sigma donor to the metal and volatilizes upon heating the metal complex to a temperature of
about 250°C or less, and at least one second ligand, which is optionally different from the
first, which also volatilizes upon heating the metal complex to a temperature of about 250°C

or less.
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I n one enbodi nent, the first ligand conprises at |east one nitrogen atom
and at | east two oxygen atons. In one enbodi nent, the first |igand
and t he swoand/dsiyand are the sane |igand, and wherei n Pog/UsRewo538749and
conprises at |east one nitrogen atomand at |east two oxygen atons.

I n one enbodi ment, .the first |jgand and the secon e sane

i d |igan t
T gand. CooaTnfier smtodsnt it met Sau et sriricd 28 SmpetifR G 20% b Bven ot om
and at | eastyylope cAbYSRRnA IR BctaPSoMBIbk idd e dtedst. one fluorine. In one
enbodi ment, the first ligand is a tridentate |ligand. In one enbodi nent, the

first |igandniose ambpdigdwnt, shecadapisitonbger hedtggmdovides a mefahwethe vearsodi nent ,

the first |i t | east i . at | east
car bony PGB R Shin PR Rettens i Tt el BRSSO the AT b orbodi ments,

the conposi tih@As cABOGiIntnt, eESEMpaltion upbn hegedirevitiss Dmetat EEREIRENS
descri bed_ herein. Anot her enbodi nent provi des a conposition

conpr i dianteat condudtvity o ahlsey 1. Q9mpeex conmprising at | east one metal and at
| east two i : ' - prst i 1S [ to

t he net al ang vf(i)I aepﬁa ?gngésn@ Bgotgﬁ&eﬁ%a ?tﬁgf%i@rﬁi%%ldg@%ﬁmg&? A oogg?g%%ﬁgt ure
of aboubrmi22Q@cpeyit, t@sRrtingrtte dépdsast nen fibacwhekeln thandtal Wiinchowsa opt i onal | 'y
different fromthe fi ich also volatilizes upon heating the netal

first,
conpl exopducivityphat st 998 dBout  250C or less. 7 WO _
2011/ 057218%?&&&%9&0@)@915&@?@&&5%t%%ﬁh%ds 5N8agiB 80 sR@AP! ex is heated

to a tenperature of 150C of less. In one e iment, the netal conplex is
sol ubl e at 2&m@ther embodinmend peovedds dlatit teendondudtevityosmdsast i1 @0 S@m.heat i ng

provi des a ngt wth a rk function which is withjn 25 percent of the
Pork fuanc i oRarerchipogGnelt e T e CoiEdne St Mhshy R onmost 1 on
upon heghp&dtupé OVddas2@° 0B #gs conmposi tion having a conductivity of at |east
1,000 S/cm Anot her enbodi nent provides a nethod conpri sing:

deposi ting andthge cotbodinsent peayedes shat thengoaversipp ¢4 earrichent dytheatgng 4@ deposit to
a netal rrgt al filmshows a conductivity of at |east 1,000

fil wh [
S/cm Aﬁ%i’?{grqfuree?fﬁ%%:uﬂgnqaéﬁf VP'des that the conducti vi ty is at least 5,000

S/cm Still further, another embodiment is a composition comprising at least one metal
complex consisting essentially of at least one metal and at least two ligands bonded to the
metal, wherein at least one first ligand is a neutral donor to the metal and volatilizes upon
heating the metal complex, and at least one second ligand different from the first which also
volatilizes upon heating the metal complex and is negatively charged.

Another embodiment provides that the first ligand consists essentially of nitrogen
and/or sulfur.

Another embodiment provides that the second ligand consists essentially of a
carboxylate.

Another embodiment provides that the complex is soluble in toluene.

Another embodiment provides that the complex consisting essentially of the metal,
the first ligand, and the second ligand is neutrally charged.

At least one advantage for at least one embodiment is ability to make useful
conductive metal lines and films of high quality. At least one additional advantage for at
least one embodiment is the low temperature nature of the conversion to conductive metal.
At least one additional advantage for at least one embodiment is the high metal content of the
metal inks. At least one additional advantage for at least one embodiment is the high
conductivity of metal films. Furthermore, at least one additional advantage for at least one

embodiment is ability to be inkjet printed.
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Anot her enbodi nent provides that the conductivity is at |east 10,000 S/cm
Anot her enbodi nent provides that the converting is carried out by heating
at a tenpEoabuwes7a8 about 200C or | ess. Anot her emrbodispEsIsrovi des
that the converting is carried out by heating at a tenperature of about
150C or |ess Still further, anpther enbodinent is a.co sition
conmpr i si o RRPLsEn i et Rt s SO REn STRH BBt fear T HRIGY | onst
one netal and at least two |igands bonded to the netal, wherein at | east
one first ligand is a neutral donor to the nmetal and volatilizes upon
heating the metal conpl ex, HRIEEDESGRIPTION QEddGWRESyand different from

negat i Vaby PR ont ol E R3O RRR s RO 56 B dP TREN PP T gana

consi stplessgpekal |y of nitrogen and/or sulfur. Anot her enbodi nent
provi des that the second |igand consists essentially of a carboxyl ate.
Anot herFigifs ddllnerstespne ¢bedimanatn & PRESRESHPT BRW shoxyng pp AFMy ipegepdee!l- Anot her

enbodi j ISt sentially of the netal,
e i e TR ST TS e S S A
| east dfiguradvilndtags ono endbdintas tshowgenthediogentimesicalbalysis wfh @oliake usef u

conductive netal lines and filnms of high quality. At |east one additional
advant #§8'MGr at | east one enbodi ment is the |ow tenperature nature of the

conver siigf}e t#gggﬁﬁ@éé%b VEbEBindnt, shbwld diff?d}ﬁoﬁ-qgﬁéé&ﬂ@ﬂecﬁgl?’ﬁﬂfcﬁﬂ@ of or at

| east oné e iment is the high netal content of the netal 1nks At | east
one addiitualsmabkiladvamplkge for at | east one enbodinent is the high
conduct.i.vi ty .of tal filnmg. Furthernor at. | east one additi onal advantage
for at Mg DHeringoarmuRRmataBy Ny 4 Jrbdon i wed B iRl B rghiephbr

advant ag&sonhladilvbe@tiplsome enbodi ments include aspects described bel ow.
BRI EF DESCRI PTION OF FIGURES Figure 1 illustrates one enbodi ment, show ng a
di f f r adiigwn-bdBrstiaeas ome lcabatlimens tshowingrtbe o rasigfoliyy vistnup taxperature plot of a

(DEED)Ag(isobutyrate) line drawn between two gold electrode pads on Si/S10; from a 65
mg/mL toluene solution.

Figure 7 illustrates one embodiment in a top view, showing a scanning electron microscopy
image of deposited metallic silver.

Figure § illustrates one embodiment, showing energy dispersive x-ray spectroscopy of
deposited metallic silver.

Figure 9 illustrates one embodiment in a top view, showing an inkjet deposition of silver ink.
Figure 10 illustrates one embodiment, showing the log resistivity (arbitrary units) versus
temperature plot (°C) of a (DEED)Ag(cyclopropate) line drawn between two gold electrode
pads on Si/Si0; from a 65 mg/mL toluene solution.

Figure 11 illustrate one embodiment, showing the log resistivity (arbitrary units) versus
temperature (°C) plot of a (PMDEA)Ag(isobutyrate) line drawn between two gold electrode
pads on Si/Si0; from a 65 mg/mL toluene solution.

Figure 12 illustrate one embodiment, showing the log resistivity (arbitrary units) versus
temperature (°C) plot of a copper complex.

Figure 13 illustrates one embodiment in a top view, showing a scanning electron microscopy
image of copper lines drawn on a SiO; substrate.

Figure 14 illustrates one embodiment, showing energy dispersive x-ray spectroscopy of

copper lines drawn on a SiO; substrate.
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Figure 2 illustrates one enbodi nent in a perspective view, show ng an AFM
i mge of well-separated Au nanoparticles in a triphenyl phosphi ne oxi de
matri x. PRWVOuPH/B711B| ust rat es one enbodi ment, show ng a PREUSRYOATISAEL i C

anal ysis of a gold conplex. Figure 4 illustrates one enbodi nent, showi ng a
di ffract.i on- i ved nol ec r structure a_.dinucl ear silver conpl ex.

i gur o B GG Sieies O S BHE BT Y N SRATGI SR e R ROt U PR

nol ecul @keSdonytd:ur e of a nononucl ear silver conplex. Figure 6 illustrates

one enbodi nent, showing the log resistivity versus tenperature plot of a
( DEED) Eggmrsdléuklwme@pnt iemQO@mwwh smmgéﬂ’& oAy 6l fernedtfrana grasaer on Si/ Si O2

top vi SR sy WHEE iR RR L AR bRl Sl FRE S SredBe tea "

et al | ikgse17€Nustiateg 8he cBbbdihiest, sBéeBg Wk GileEeh BEAL.fromh eidl preLuese (4Y
dlsper5|ve X-ray spectroscopy of dep05|ted metallic silver. Figure 9
i |1ustredes one enbodinent in a top view, show ng an inkjet deposition of

si | ver }tl e 1? Q%krtﬁte%%né leJnB g'xﬁv 3h&WH %@ﬁﬁ' hel‘l eﬁq}%lg%ﬂgl&?mttﬁge ofa

resistiv trary uni arsus era

(DEED)AgQaymhqﬂmopate) i ne drawn betmeen tmo gold el ectrode pads on
Si /5102 froma 65 W@ gene sol ution. gure % illustra Se one
enbodi rla#¥re lgﬁ%wtrﬁbesm%e gdimes}. showing hq I&gts?sefrﬂéfw YRIFAEY Uigy YEus

tenper gty @raglg %g{%?}ot%{ca%l&éowgﬁ}m{ﬂ)e%}@éﬁt %—o‘ﬂ ellel:t'?@de Aun between two

gol d el ectrode on Si/5102 froma 65 ng/ t ol uene so ution. Figure 12
i 11 ust rlagee @felletdatedione nnpodihent map toheidvoghoemigstimait yf § siber {inadsawoni t s)
versus .t erat ur | ot .of a copper conplex. Figure 13 illustrates one
enbodlﬂﬁﬁf ﬁ“ﬁ§?§B&9%§gk 5w ng a scanning el ectron mcroscopy i mage of

copper Flgﬁl@Qlqn@éﬂate@'an@eéb%im%ﬁb%&@ﬁlg prédeBtecs ot dntlds el PR One
enbodi ment, show ng energy dispersive x-ray spectroscopy of copper |ines

dr awn ownaﬂ@wsz substrate 9 WD 2011/ 057218PCT/ US2010/ 055874 Flgure 15
|IIustr tes dlffracthp derived nol

h
struct U rlgurg f29 éﬁlés?ra i3 IQII% SWEP%I%G%W n agperspectlve view, showing a micro- castlng sel%r

Figure 23 illustrates one embodiment, showing the log resistivity (arbitrary units) versus
temperature (°C) plot for metallization of gold solution.
Figure 24 illustrates one embodiment in a top view, showing a (low resolution) scanning
electron microscopy image of a gold line drawn between two gold electrode pads prepared by
lithography.
Figure 25 illustrates one embodiment, showing energy dispersive x-ray spectroscopy of a
gold line drawn between two gold electrode pads.
Figure 26 illustrates one embodiment in a top view, showing inkjet printed gold lines.
Figure 27 illustrates one embodiment, comparing XPS Au peaks for Au films prepared from
(A) precursor solution and (B) using sputter deposition.
Figure 28 illustrates one embodiment, showing conductivity from liquid gold.
Figure 29 illustrates one embodiment, showing diffraction-derived molecular structure of a
trinuclear gold complex.

Figures include, in some cases, color figures and features, and the color features form

part of the disclosure.

DETAILED DESCRIPTION
INTRODUCTION
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Figure 16 illustrates one enbodi nent, show ng XPS of Au filmformed from
precursor solution and evolution with sputtering cleaning steps for Au4f,
Ag3d, Ci swoand/@&ra8 Figure 17 illustrates one enbodi nenPCTAISONWOESHOr Kk
function of Au fromthe precursor (4.9 eV). Figure 18 illustrates one

enbodi nent, show a diffractjon-derived trycture o ilver
compl ex. | dueaity b mpuspiieslighenaritarrane S e kbl gn g teDodt i vity
(ar bi t righ¥rebPidedpoVRESHPrdf@ORQNiAI YRS, plot of a silver line drawn
between two gol d el ectrode pads. Figure 20 illustrates one enbodinent in a

top view, sHdwrefgbrcatioageingfgaink ij¢tpeintihg,reéecthodew aivkelpetemicsvase descdbed ect r ode
pads. Figure 21 .illustrates one .e i nent., showi ng .proc res of .
ynt hedhAohE i s F i ERE B8 e PSS ReBh S M uiadee. 1 o

per specx! gg. vo®@w, showi ng a mcro-casting setup. Figure 23 illustrates one
enbodi nent, show ng t he Inpﬁghresi stivity (arbitrary units) versus

t enper at ur e Qugpnig|cBemisy nashagds|ang strpgwes pregisperibsd iytfpoeranmleyMachy's

illust r gk es. s, %m%o@]jegﬁg i6mE% tz%67vi ew, showing a (low resol ution)

scanni ng electron mcroscopy i mdge of a gold |ine drawn between two gold

el ect rode péaKktshgdp empdilethe pyowing ogaadsuf.printigg peoceSes hddusthéradppicaioas,

enbodi nent, show ng. energy dispersive x-ray spectroscopy of a _gold |ine

dr awn 5@%@@%“9%%@61&%% e proyefied harrdn forithg, ut%l-b%ﬁ%@%ﬁ%@l@g °6ne enbodi ment

inat i i 1 ki i [ : i i : es one
WnYhEWe niRAWIRY lgabuﬁg chnagé £idt-9 ﬁhﬂ?,_u:ld'f@cﬁ%%,g%gér%glpge; gh#l%%%lggﬁécur oo

enbodi ment, conparing XPS Au-peaks for Au tilns
sol ut i cmdapodl filB)s. Udicngetsibming enk depeshtprondediqeines 2Bed bh uedrdaigen one

enbodi nent , show conductivity fromljiquid gold. Figure 29 illustrates
oo ertUaIHETR SRR e R fo) S e S adiomigally
t ri nucligadia@ahsveRREk&Nic films. Fi gures include, in some cases, color
figures and fea%,ures, and the color features formpart of the disclosure.

DETAI LED DESrrrimgancthhtRopludnigOfer eeample, inkjet printing, can be employed to
deposit the metal inks in specific, predetermined patterns which can be directly transformed
into, for example, circuitry using a laser or simple heating, including low temperature
heating,.

The versatility of this approach provides printing a variety of designs and patterns on
a variety of substrates for much cheaper than conventional deposition methods without the
need for lithography.

Herein, a composition can comprise at least one metal complex, as well as optional
other components including, for example, solvent. In one embodiment, the composition does
not comprise a polymer. In one embodiment, the composition does not comprise a surfactant.
In one embodiment, the composition comprises only metal complex and solvent.

In formulating compositions, examples of prerequisite synthetic criteria include, for
example: (1) compounds can be air- and moisture stable, (2) compounds can show longevity
and can be stored for long periods or indefinitely, (3) synthesis of the compounds is amenable
to the large scale while being inexpensive with high yields, (4) compounds are soluble in
aromatic hydrocarbons, such as toluene and xylenes, which are compatible with printing
processes such as inkjet and Patch pipette, and/or (5) compounds should cleanly decompose,

either thermally or photochemically, to base metal.

METAL COMPLEX
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WO 2011/ 057218PCT/ US2010/ 055874 Priority US provisional application
serial no. 61/259,614 filed on Novenber 9, 2009 is hereby incorporated by
ref erencewOnR0ilyS7aRt i rety. M crof abri cation, prinPCRgS2010/05§824
printing, electrodes, and el ectroni Ccs are descri bed in, for exanpl e I\/adou

Fundament al f M cro brication, The Scien atur| zation,
5002, R e e S TUg (edl SeibAaL PRy o

exanpl %etmo%@o%n&ym%amg&a@h&‘et@eaﬁh%a]yds 468 H‘es@ﬁbed iA0Rf example, TO hel p
enabl e the growi ng demands of printing processes and ot her applications,

new netlalkeh@htl*éqndamg?mln%ynaﬂen Meml i(Yedndresrel/ia Gi@mmtthwka/lGOmJ-IB&éed
i ncl udi c0| 1age

i G oo SRS, Gk E i e e AP RS TRk bl o 1 i i

appr oacWilpy,2000le Th&icell BomplcRa8LHe REMOERAHiEbNAEBRPLE eml@ﬁlrewl aéifiplex can
self-reducing ligands that can be, for exanple, heated or phot ochem cally

i rradi dicgaonaguglican dinggleal frinicierr. #gd higher. Thogpetal sanjoneansdscavalntidi ng, for
exanpl ec,on{plégé et printing, can be enployed to deposit the nmetal inks in
speci fic, "'prédeterm ned patterns which can be directly transforned into,
for exanpl e, Tizimetul dolmpluséamgaeafrdea&cen n@talsartphéoheiagi ng, including | ow

t enperat ure ﬂ}eatl The versatility of this approach p rodees

printing a VAT @MRlessaghs asdavipk tl%«‘rhﬁgg%ﬁogleﬁ%&sl@wca@tgr%w ishds for
much C%@eﬁéctfy%ad&%gaa{%&aﬁéen%pﬁﬁf HaBih 188 BRdSm¥Aditekt thtenﬁetaeed for

l'i t hography rein, a conposition can conprise at [east one netal
conpl exconmpdexwis nbt @pre@@ttecbbm[MMA]e iwheommp treendts! donllexdamigts lfgandseam apl e,

one. ontaliPre RIS OCBESIE P! GOBR A6t BoRgFeEioa b A Jer Shrenily e

enbodi nEnfre tlfeffﬁs@aaaﬁ@c%nhlr@aalq@aﬁag $&PcARLY . n@th@ie ARLRe IR RhYRt -
In fornul ati ng conpositions, exanpl es of prerequisite synthetic criteria

i ncl udeyhitlpis ba bya(lqgatmnb@gﬁﬁrgnﬂawrﬂe air- and noisture stable, (2)
d | b t d,f d
Cnder i tel y e SRR s B ahBaS D o Lo hB R AR il scal e

whi | e hgirng, ﬂlﬁ@%ﬂemde\/ﬁnwyﬁhatbl igbthivicfArdito, tdthhlkeAbBRAL RESaRAIE oS¢, UDl € i n
aronat i c hydr ocar bons, such as tol uene and xyl enes, which are corrpatl bl e

with pricueflypsophosplese dflatncdnsydae; sukdiss angier EO®ACpi pette, and/ or (5)

e e L S O e L A

net al codpbekcodiictes. a precursor to a netal film Metal organl c and
transition rret al conpounds, conpl exes, mnet aI and i s.are
described inl er%mpeﬁlgﬁﬁ%mpﬂm%%mm T SYPst iaﬁr/ ? frec of

O gano;ﬂ%&@é é}' ﬁu&\gﬁiﬂlél%\@énd Bh HMAR! &n %%ggﬂar Gt Ecﬂﬁbcﬁﬁﬂ)nWoh?n@ﬁl e Advanced

| nor gani emstry: rehensi ve Text, John , 2000. The
met al ocoetpl c@xnlﬂancaméoerwhmarﬁpiﬂlw@rmtalhefre& of Impbpmlclwmchﬂnr@ metehpl ex can be

Coval ortngeisif ey o Froohet I BETE. S atirek. [Rgaere [eaR otk Eandi ng.

The %t@lloﬁ@n?p%hcﬁmoh@nﬁgo@um BkY np(t}aerxgﬁgles thetlBRY 8f haﬁmﬁa%ep@s%w% erion
which is not directly bonding to the netal center. For exanple, in one

enbodi d@ﬁﬁtthart%éwﬁ%aqr lesotlpned0§ wt.proor kéwhésémédvtb% [(Me cahgKamigiger ei n t he
net al | ex. and its . |ligands a cat. odi ment net al
conpl ex c 5> tl8nr?e rag%celenst% gometﬁﬂ N Hel(r%léﬁi %rlt}_nfi) Ebeé(?%lppethMrs and

second TENMaépckir@ROp 1nc[1ﬁl$rligeIQVl-Vﬁ| Masrh&hﬁ@@laﬂey ahd‘ﬂ% lekep O&dnbpMéicielaige whi ch
i s bal anced by a ne%atl ve charge fromL1 or L2. The netal conpl ex can
be fredare gipneiropk Terxampke, h@m@éoomr%h%to Hpannde, nitri te nitrate,

ni t roxyl , azngemﬁ;a Y 2Bpsink ﬁﬁatét%% %a(ianﬂ%tarl af{ré%yéf%ﬁ(

tetrahal oborate uor e, tri t'osyl ate, sulfat e, and/or
carbonate. Insome ernbodlrnents the composition can comprise at least two different metal

complexes.
The metal complexes can be also adapted for use in forming materials like oxides and

sulfides, including ITO and ZnO.
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I n one enbodi nent, the nmetal conplex is free of fluorine atons,
particularly for silver and gold conpl exes. The conposition

conpri si nyorhe/asex18l conpl ex can be substantially or totrarius2610085804
particles, mcroparticles, and nanoparticles. In particular, the

conposi tion conprising the netal conplex can be substantiall totally
frea o - nandpant repedebrumg! svAR Rt gaereResica & eplonkedt o a
mat eri gk.o 3B&ncé 6f MW PhRagcYS Patent No. 7,348,365 for coll oi dal
approaches to form conductive inks For exanple, the |evel of nanoparticles
can be less than 0.1 wt.% or less than 0.01 w.% or less than 0.001 w.
% One ine conposition for particles using nmethods known in the art
includﬁﬁgﬁUgﬁﬁqgﬂanple, SEM and TEM spectroscopy including UV-Vis, plasnon
resonance, arit th&i@l donkpex dareRanbis heschcrpilibaxauthapréessin@f 1t ch®be exanpl e,
1 nmto 500 n or 1 nmto 100 nm The conpositiaon conprising the netal
conpl exsob®le Belolcsgnplecia agonfpodgees less polar sqlyend sueh asrbloiresapas), inchuding

conposi ti e e ) i ffer t. The
o A SRR oo, A5 RSO SRR STRLRS R, o
oxi des taldns UAfidtd@sexamptd iMdixiEnt dOmatdredOxyldRes. Polyallytaromatiendaadicnent , t he
nmetal conplex is not an al koxi de such as a copper al koxide (e.g., absence

of bAF)W@ inkage). SOLUBILITY The netal conplex can be sol uble, which
facilitates fﬁé&%ﬁﬁ%si{ﬁﬁﬂ%@ﬁ?ﬁﬁﬁg netal %@iggfé‘?( caf hﬂme?c%rg%rigepa[tl $AIR! Blveh @

non- pol ar or | ess polar solvent such a hydrocar i ncludi ng an
ar omat ifor thgdompéaxbocludiof ueketst oAe ermatatic hiygocadan bolvestolAreotygemagtdistdsenbenzene

and tol uene. Another e le | . Xyl ene .or m xtures of enes.

Pol yal 17T BF SHEMGA T b B Sehaed inthadthen ST s By B sstbls EpFgS metal
conpl exp8afing YiHyNQE EREPHoERREs, hRBRIdcONAdI Nent for the conpl ex including
at | east one aromatic hygrocarbon sol vent. An oxygenated sol vent can be

subst ant i al |'Fhegonmpoesisibh gompysing ewtdl gempkeixiegn furdher exapipicent legat ane, sobicgiohol s,

| | i | udi t hyl | | | dehyd he, | ke.
I e PR o Aot ban SRIDET R Rt SIS e R0 BE AL ST e

sol ventor |@&Rortabeutcnaemr at legdd of the conpl ex can be about 200 ng/nL or
| ess, or about 100 ng/nL or |ess, or about 50 ng/nlL or less. In one
enbodi ment , Inwac gabadimeshprcescialcopplgr i ysadnithguisoioheant. In one

enbodi ment, f g %&%B%ﬁfﬂehi NS éoZn r?rsﬁl‘g)n% fre@@%éﬁﬁ%&%ﬂﬁ%@ %éfe b §GeLippater. For

exanpl e, the anount wat er ess t he anount of

wat er caampk, thessnduhasl Watdr wun. Boleds thask wt.hanOf tilanmdunYof water can e lese

enbodi nent, the copposition is free of, or substantially free of oxygenated
solvengﬁmF%#VGQéﬁbEQSt RO-Ur¥ut of oxygenated sol vent can be |ess than 1

Ww.% O, t - - : % or
0 hg oﬂ@@ﬁ%dﬁwig%%w%@g@g%ﬁmﬁ% ﬁ@él\'/é{, 6RRuRENEPS LI Qpdnaity %0

Ieés than 0.01 wt. % als and transition netals are
known isalvehie IrtexarBple, tht emoentarfpixegen@otdt sofvcanchn\licl Ikisriban] wveXs., Ogitheed above.

Coi nage net al s can be, used incl udi ng sjlver, | d,. and copper. Pl atinum can
bo. oo LRGP BB Y01 i bt PR e s R By o Tand 11 can
be used, for exanple. Ruthenium can be used. O her exanples of netals used
for conductive el ectronics are known and can be used as appropriate.

M xt ur 4ESALFENTERonpl exes with different netals can be used. Alloys can

be formed. Metals and transition metals are known in the art. See, for example, Cotton and

Wilkinson text, cited above. Coinage metals can be used including silver, gold, and copper.
Platinum can be used. Nickel, cobalt, and palladium can be used. Lead, iron, and tin can be
used, for example. Ruthenium can be used. Other examples of metals used for conductive
electronics are known and can be used as appropriate. Mixtures of metal complexes with
different metals can be used. Alloys can be formed.

The metal complex can comprise only one metal center. Or the metal comples can
comprise only one or two metal centers.

The metal can be in an oxidation state of (I) or (II).
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The netal conplex can conprise only one netal center. O the netal conples
can conprise only one or two netal centers. The netal can be in an

oxi dat i orwetatiesgfis(1) or (I11). 13 The netal cenPer/usanolosssconpl exed
with first and second |igands. Additional ligands, third, fourth, and the

| i ke can be ysed. The nmetal center. can be c | exed at. nultiple sites
ol udhng. coHBITBEkESRIcE o i BEMPEIG [6 abrecarc by SeaghLl iseBos

The met@ld GBRLIEanE A QMM IbS@s@, Met al useful for formng electrically
conducting lines, particularly those nmetals used in the sem conductor and

el ect roni cs Thedugelrdeatsr c8t bé tomplivead atxantiple sitesfingladiak soinplekediwithibiicem and
tin. FIRST_.LI GAND .Thetfi rst ligand can provide sigma el ectron
donat i ﬂl,lr’glrve’cPaEtSP\/CeonH)A%P%&l,eSto the netal. Sigma donation is known in the

art. See, forhcax@ipdcater bin Rahpite aNQetabusBRil f@FbrmihbeIdctrically bogRibngan be
adapted to volatilize when heated without formation of a solid product.
Heat i ndinearpaiculislydhose mefals ysedsaribesepicenskisior andelegigraesnindagécst i r st | i gand

can be a recﬁ%ﬁf&ﬂ@ref%lgineg%fﬁ@taﬂ ]-:Fﬁl'e[lggliédgétﬁltan%iﬁgand can be in neutral state,

not an ani on or a Catl I gand can be a pol ydentate

| i gand including, for exanple, a bidentate or a tridentate |igand.

The first ligand can be an am ne conpound conprising at |east two nitrogen.
The i d:a{PréT ﬁ}fsﬁ\éDsym'retri cal or unsymmetrical . The first ligand can

be an unsy m@krﬁ&ﬁﬁgaﬁg%&?P&Qf&%% SN cﬁin@ﬂor{?}tcog h%_%tboﬁlgﬁg,”iiotthé’%&l.

The first ligand canh or exanple, a ligand nprisin ul fur, such as
t et r ahySlgmt domgstveneknovn anthaaitnSce, Ao exaniplagartdRatartNd 082, 92h. The fisstt . See,

for ex | e, tton d WIl.kinspn textbook ci.ted .aboye, e,118. Al so,

it r ogd PR bt GoylPsd 1 rRBHSGT T A suianor of £ fBBE. | gand can
be an gmAgg icACHYGSNRAN AL Fekke @m&@nceﬂ’f‘%xﬁ%&y |Tlﬂrfﬁ§'ﬂl§%aﬁ@@arb€e£! near,
branched, or cyclic. Bridging alkylene can"be used to Tink nultiple

ni t r ogeaductane fdrehe mickal.t hlee Brsk Hgandidan baumbeytrabptatsanion aatwmy acafobe, for
exanpl e, 15.gr [less r.ten or, less. .. . The | ecul ar ight of the
Frrot i gand e e aarf b e R heShEs iegnd ine LR B Ram PG E B s o ot or
| ess, afridehadlightf) g/ nol or less, or about 250 g/nol or I|ess. I n one
enbodi ment, the first ligand is not a phosphine. In one enbodi nent, the
first |igandhedipidigand cambg e eniicspr@aend compyiengeafiiendt rentitrogee Fher st

| i gand L. I nprising sulfur. In one enbodi nent, the
QRS cAIPbe 38 o uhb IR0

first Ilgancci doe no% conprise an amne. In one enbodi nent, the first
| i gand does Tiatfirstdigand sen Be it tiyhimeetdedi taaiimgd ¢ugnpougdromprising at least two

nitrogen.

The first ligand can be, for example, a ligand comprising sulfur, such as
tetrahydrothiophene, or an amine. Amine ligands are known in the art. See, for example,
Cotton and Wilkinson textbook cited above, page 118. Also, nitrogen heterocycles like
pyridine can be used.

The first ligand can be an amine including an alkyl amine. The alkyl groups can be
linear, branched, or cyclic. Bridging alkylene can be used to link multiple nitrogen together.
In the amine, the number of carbon atoms can be, for example, 15 or less, or ten or less.

The molecular weight of the first ligand, including an amine, can be, for example,
about 1,000 g/mol or less, or about 500 g/mol or less, or about 250 g/mol or less.

In one embodiment, the first ligand is not a phosphine. In one embodiment, the first
ligand is not tetrahydrothiophene. In one embodiment, the first ligand does not comprise a
ligand comprising sulfur. In one embodiment, the first ligand does not comprise an amine.
In one embodiment, the first ligand does not comprise a fluorine-containing ligand.

Examples of the first ligand can be found in the working examples below.

14
WASH_7465156.1



Exanples of the first ligand can be found in the working exanples below 14
WO 2011/ 057218PCT/ US2010/ 055874 SECOND LI GAND The second ligand is

di f f er entwbromwvashasfirst |igand and can vol atilizes upomChasténgsishe net al
conpl ex. For exanple, it can rel ease carbon dioxide, as well as volatile
smal | organic nol ecul es, in sonme enbodi nents. The second |igand can be
adapted to volatilize when heated without formation of a solid product.

Heat i ngsqamNbeLdpepi N t he presence or absence of oxygen. The second |igand
can be a chelators with a m ni mrum nunber of atons that can bear an anionic
charge and prlewcdmddigad iy dffecsohfipmxthe fitst § gawnandake voltlisomporkesgoigubl e i n
aronat%g E%gfg&%rggnFsol%an..Jher ecoqg]J%gﬁgddgan bﬁ anipﬂkc.zlf can be
sel f - r dA0RICHG COMPICX.  Fopexamipl, i é‘lgﬁa EERTHEA A BSxyP APEWNCh is known
in the oat% nic @Gculelin S¥ATRMBodiaRts0 Mhargcollligané odh beadabRako ¢olaglizabove,
pages 170-172. Carboxylates including silver carboxylates are known in the
art. Seehentheatedywthoubformatigpefentolidggodupt. 1detpgzan be daue @ahe PEsgTE 0894; and
7,524, e | i - IS

nyar ocapbase ehowdl” TRE SR RNy, ol Rt FAUH AR SE G, o
can be thatwah bearydnah&niegaegemdedotiyie QQEutE] complee] MhRR dag nawke ahkadmgeoup,
wherein has 10 or fewer carbon atons, or five or fewer carbon ataons. R
can be Spﬁ%%m,ar%%rmh»@aqcabbonéy WGPE.TWC%%3|C?@Q%@19% Heeapbgaplinat ed i f
desired.ipgididi ng, for exanple, conprise trifluoronethyl groups. The second
| igand can be a carboxylate but not a fatty acid carboxylate. The second

| i gand can Béheascaidilptaad can bas bokytdite, whikk islewemdn thagan dSeaforiesample, a

formate.l j gan o Th | ecul ar wei ght_.of_.t econd |igand, ..i ncludin
| oo et windgson g BolP Gl PRk 0o A B hERE st Lo O
500 9/ nalboR¥lat®%o kiRfwiPAQHE art S Qe foixamPle, BI8RHent MO 97, I 635 1.846584Y; | ess.

I n one enbodi nent, the second |igand does not conprise a
fl uori rfe2%Yeitaiandngp24i6gdnd. Exanpl es of the second |igand can be found in

t he wor ki ng .gxanpl es.: bel,ow., AN _ADDI TI ONAL ENMBODI VENT I n anot her

enbodi ment - TRGORUCEa0 A RS CRTDMEH P DR TARE FLATO 8" e compr i si ng
first &ﬁ@m,ﬁggmgmyj%@ags, and the |igands can be the sane or different.

In particular, another enbodi ment provides a conmposition conprising at

| east one nekhglsceanddigand eynpe # sarherdate repaeenwddyRIPaR arherein R sagp
R o . . : ; Pl
o enapl UL Ry 0% FA0% LR LbOBEA 8 Bl GIRRFGRRL. Kt et
2011/ 05it24:8 BGREE2 04 Oy lic 58 Té sadontl ¢igsid @neeghoeoinatet i tsidednic i &

vol atilizes upon heating the netal coHpIex. The net%l conpl ex can be
sol ubl EXpMPL, synpiassttridporegethyl groups. The second ligand can be a carboxylate but not a

fatty acid carboxylate. The second ligand can be an aliphatic carboxylate. The second ligand

can be not a formate ligand.

The molecular weight of the second ligand, including the carboxylate, can be, for
example, about 1,000 g/mol or less, or about 500 g/mol or less, or about 250 g/mol, or about
150 g/mol or less or less.

In one embodiment, the second ligand does not comprise a fluorine-containing ligand.

Examples of the second ligand can be found in the working examples below.

AN ADDITIONAL EMBODIMENT

In another embodiment, the metal complex can comprise at least two ligands,
comprising first and second ligands, and the ligands can be the same or different.

In particular, another embodiment provides a composition comprising at least one
metal complex comprising at least one metal and at least two ligands, wherein at least one

first ligand is a sigma donor to the metal and volatilizes upon heating the metal complex, and
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In one enbodinent, the first ligand and the second |ligand are the sane

| igand. I n one enbodinent, the first ligand and the second |igand are

di f f er entwDi2gu$3218 I n one enbodi ment, the netal i CTAPRE0/0538M4 ot her
enbodi nents, the netal can al so be, for exanple, silver, gold, platinum or
rut heniu | n one enbodiment, . the first .Iigand conprises at |east one
i 11 ogeh I e AREPTA BB SRt S esihoating B N SGRERLRG oBfrrerial ¢ he
first ldogank @ndetsbRbREGANEchaand @re the same |igand, and the first

| i gand conprises at |east one nitrogen atom and at | east two oxygen atons.

I n one enbodhmeatmbodienchi,itlx fitst hzand aad tha sseomkligmd ard hanamaliganhdnsane

|l igand, and.wherein the first . ligand,.conpri at .l east one nitrogen atom
o ar FRAGI s frt bl SRkt xORAG AR AR B ngRE ( Pllor i e, Ror
exanpl e, t hdnfohtembbgintkan thempal is opp@. U bihktehBombitts, HE idal can also bé,n one

enbodi nent, the first quand is atridentate ligand. In one enbodi nent, the
first Ipparenne sgver geldmlaiminsasirgtherig®e | j gand. I n one embodi nent,

the first I|i i Secon ] ast one

T bonyt - gr A 3E SAABRHAE sl B8Rk NBIRESAMIN ShATBLnUh G Bng A 115257 ©

t hi s additdxgpal atembodi nent, wor ki ng exanple 6 bel ow and the |igand used

therein as first and second *i%and. RACTER] STI OF THE NET LEXES
g

The metal cdhpresmeadinegt dhefishhggnd sad §P1q bgpnd g e sign igayt Ard S at a
tenper g ligzaggci: cbﬁﬁﬁsetsr&_?_féagt%cﬁgnitpd ch @&t bRt 128060 QfydeRafntihan 150C, or

| ess than he conposition can be stored about 25C for at
| east 100 hdursg embodiimdng dist fi@blgdnduand thoosecantd ligrad tar&ShO shoefigandyrndit | east

1,000 hours, or.at,.least six nt hs, w.thout substantial deposition of

metal (TGSt EFgEOREA B TR ST PRhEL & EBRGELIHTER can be
st or ed @tydioWak LT TRLHAE SFSUKAMRR, tHedluoBa TR Be pdresta triTRRdr&RGHYI0 provi de
| onger stability. For exanple, sone conposition can be stored at 0C for

very | agtiguiperi ods of time including, for exanple, at |east 30 days, or at
| east 90 days, or at |east 365 days.. A ternatively, for exanple, .s

composi ti on 19n 6aPbyRaR g TRuBERTs FIERCRLIEGEY yo pBh g SREMRSE tBTS: e

i ncl udilngnd s tridsaaRl Shiffbade@ipghd 30 days, or at |east 90 days, or at |east
365 days. 16 WO 2011/ 057218PCT/ US2010/ 055874 The conpl exes can
conprise, fdp oegambpéimeat, thefist ligendgompyiges a lcasignegecondast amipe grows tet al |

or at Ilggs%neGQarwn%%g@b%ng aqueagttodee@grtg?&pm .% metal. This provides for

efficient use o good conducti vity upon conversion to netal
The netal c®wl foxesamls, foethadaddittahat empodimicnte wotifihg examile 6thaloiw artdythé 0 be
comercially useful, ?ﬂt al so %Hfficiently reactive to provide | ow cost,

hi gh quigend PsssrtBergiras frgsi@dsrianddigen the art can adapt the first and
second |ligands to achieve a bal ance needed for a particul ar application.

CHARACTERISTICS OF THE METAL COMPLEXES

The metal complex can have a sharp decomposition transition beginning at a
temperature of less than 250°C, or less than 200°C, or less than 150°C, or less than 120°C.

The composition can be stored at about 25°C for at least 100 hours, or at least 250
hours, or at least 500 hours, or at least 1,000 hours, or at least six months, without substantial
deposition of metal (0). This storage can be neat or in a solvent. The composition can be
stored at lower temperatures such as, for example, less than 25°C to provide longer stability.
For example, some composition can be stored at 0°C for very long periods of time including,
for example, at least 30 days, or at least 90 days, or at least 365 days. Alternatively, for
example, some composition can be stored at -35°C or lower for very long periods of time

including, for example, at least 30 days, or at least 90 days, or at least 365 days.
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MVETHODS OF MAKI NG COVPGOSI TI ONS Met al conpl exes can be made by a
variety of nethods. In one enbodi nent, netal or silver carboxyl ate

conpl exeswanrelynsegpared by reacting the netal or silver earhs2gM0maszs74

precur sor mﬁth an ester so that an exchange reaction occurs to forma new
metal or silyer carboxyl ate conpl ex. eaction_(1 el ow,
Wherei ' R calliseniGEs LD Eeol ST Ct G Tl gl 5° K1 B0 W'anched,
or cyclh&arbkyllcast B Wi RGtal Ar a%ambew@m iKY Thel RePid¥d foh ctrRfer@iisd §mer, or
five or fewer carbon atoms. The yield of reaction can be, for exanple, at

| east 5068l and gapd lcerditcti T4 p@Y coavelswage N80 I n one enbodi nent, the

nmetal or silyver carboxylate ¢ i.s mad net al. oxi,de
e udi g B iR Rl Suf RERiePE pRBO SUsh gty B%%WFM%@ rade
Wi t houtystfg bat al@o 5@1ﬁbﬁnﬂ$f aetaetvveet@q;trmae loSe€ost,Hgh QudiRpPhedu&oNDaE alillv®in
exanpl e reaction (2) belo I n one enbodlnent %3Id conpl exes are

pr epar €be Y croadapt B st aad@@qoadéltgm}s' tg@cligyan balanagticeded; for apa@crlsipl exed
with a ig %%> donor such as tetrahydrothi ophene or a phosphine, with a
rboxy

silver late conplex. The result is precipitation of silver chloride.
See, for exanple, reactions (3), (4) and (5) bel ow I n one

enbodi nent. netal conplexes are ared by exchangi ng dative bondi ng
Ilgand§w§EE%H§%OFH€ IP@%CPPG? §§r exanpl e, tetrahydrothi ophene can be

exchanged f %et%f‘ccﬁﬁ@l@fes c%%@iaﬁ{i lea%rléty%f methods Mt BRASHERAWB, Hle{atp 6rart

can be used to deposit inks iInc ing, for exanple, spin coatin
pi pett |snig¢r qa[ﬂqmatqacoﬂmleng areblbraﬁa“eat batéangng thednagaatristdggr odrh@xgzkaa:t i ng,

lithogra .of fse ravure flexo hy, scree ntin
St enct e, i o6 At et etion oS T B nS EFRgP bRt ang
st anpi rlﬂrbo%}ﬁtec@ﬂn@@@pﬁieet ke ekﬁljﬁpl%olre%ﬂd%t M %’_Bel@ﬂdwhgt%msﬂ’é bst patsr Watdpld he

deposition method. See aiso Direct Wite Technol ogi es book ‘cited above. For
exanpl en dkyl\apupondndisg 21gpaThtasiciop 06887 4lkyhantleding fatesemplses allakj et

printin d nonzcont act deposi.tion-can. Vac dep05|t|on
an e ot GUR B o eSS B on SR b o 258 VichPor EEion R BETET L he
Vi scosidxymefe, Eﬂl@adtﬂﬁ%t@rith@asdmsd)ﬂdt@@sm%Od For exanple, viscosity can

be adapted for ink jet printing, Viscosity can be, for exanple, about 500
Cps or | ess.Inonegmbedaiony; themetsbor sikyer earhdwlase camplgy igpadowitheiase dhe can

I t f th
a1 50, 2] 416; SORSEACLAE] 9 8L c3RbAR v ) B THERRRTIAYgeon, o the
250 nyg/withowt ubeastS, sotid sabongthction0 Seg/ fﬂtemﬂla&smp@fanabexﬁmﬁlseeamgém(.z)or | ess,

or aboyt 100 ng/nmL or less. A lower anount can be, for exanple, about 1
ng/ L ‘Hﬁre or about 10 ng/nL or nore. Ranges can be formulated with

these upper Iﬂ%ﬁe E&%&mﬁﬁp%@ld@% e Gttt fed b Feamae%ol@@ﬂ'dhdé mg/m to

about 500 ng/nL. In addition e wetting properties of The ink can be
adapt ectomplex, whidhds tisoesmplesbd ith afsogmastenmplkesh suctiagtiathisphaicoper sant s,

and/ or hinders c used to control e or nmore . r rti

st redhoniina Brdaehanpon B SR dF shet taat i SRV e haident .

surfacﬁgﬁtﬁﬁgxﬁQMGQ§ﬁgmnSCD ¥Dhggqu§ﬂ&@n be used to deposit the precursor

and nozzl e diameter can be, for exanple, less than 100 microns, or |ess

t han 50 mi crloese emhedlamérm@alwpnménxm @nqlpeiﬂtmgedclahemémglw datwpr’oevémgu on of

cl oggi the n zz depositi ) can ane and the

i o1 o b dGuREE U frodisndt, R ERIR bl Bl RO P MRS SRR ryr

CONVERTanNge PRECURSOR TO NETAL The i nks and conp05|t|ons conpr|S|ng

met al conpl exes can be deposited and converted to nmetallic structures

including fiInB and lines. Heat and/or |ight can be used including |aser

l'i ght. §p¢péﬁ§ground the metal filmcan be controlled. For exanple,

oxygen can e I'nc or excluded. Volatile by-products can be elim nated.
Methods known in the art can be used to deposit inks including, for example, spin

coating, pipetting, inkjet printing, blade coating, rod coating, dip coating, lithography or
offset printing, gravure, flexography, screen printing, stencil printing, drop casting, slot die,
roll-to-roll, spraying, and stamping. One can adapt the ink formulation and the substrate with

the deposition method. See also Direct Write Technologies book cited above. For example,
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METALLI C LI NES AFTER DEPGCSI TI ON AND CURI NG The netallic lines and
films can be coherent and continuous. Continuous netallization can be
obser ved wotb1igsaisconnecti vity between grains and | ow POTfise@008i3ghness.
Line width can be, for exanple, 1 micron to 500 mcrons, or 5 mcrons to

300 mcrons h can.be S n one mcron.if nanosc atter ni ng
ot hod EIARE T, GETHHbLESIob P e IR GRS Oty can B Usgth Vit

embodi ra%Pssmwkanf&rﬂmh@éd AN&uid ABp LSO hRel .t o metal lic |ines and films
wi t hout formation of substantial amounts of netal particles,

m croparticl@ss ca@radmatrtb@msmsdb'@ﬁ the ink to thidepasitianmeethadidFéri dxamplan be

prepared w cterl st.ics_ of. t ar ed net hods

P oot P B REbEE G e PhinlRg s onc RS, BE SO a0 s Coct

90 wt. YedweiCrlviscotityadan Rafdr cQomple; POOEREDS or lﬁbreatOﬂeQﬁtﬁtalsg&du\ﬁt the et al .

Metal lines and filns can be relative snooth accordi ng t o AFM neasurenents.
QI

Met al |GoRetgHeN pf $oksls émihe tek. uEaronecrtistian ef Fméphqi@@t o caB befeet r odes or
other cop Fea'rlq{o%tﬁ)]é ngg%ii%ﬁess ora o&*}%oﬁ@ L cﬁre} Vbt YRY fn‘rﬂ‘SHeQ whi ch

i s substan as a na fve ne functlon r exanple, the

differ m@eomalrjobﬁg/ﬁ&%rdéssl @SabouD1001A ¥mnar ot ESSS A lower antauneéanaredfcgrl ds can be
f or med. MJIIi-Iayer nd nul ti-conponent rretal features can be pregred
SUBSTRAXRDle, about A ng/pd. QrAperss g a&f)utslcﬂ g/ TRl PEFPEY. RENgRS grn

deposi tyanmafe o‘ﬁ’ r IR Blvel BbBoBRIHIERS dlﬁg%f ép&%eplér%io@ﬁtsl mgﬁﬁ@fﬂ @cﬁ)gt gl asses,

silicon, semc uctors, and ot her so can be used ani ¢ an
i nor garﬁO@ sg/bdt rIatadéltloarthbwettﬁgq:)romtlg/saﬁ\tthaf inkycpe be aﬂapwbst rates can be
nbeued Printed circuit s can, be

used. Paper strates sed.
aobei rarne. (RIS R B GmeR SupBy TRe be eag Op B S Gabe GscdS

Subst 1 aloREoLEHR Jt MME ikeprBp&GLY #dBSrcANTn BAOGHbSTiMERE Wi B&ditiRCHsWat M@d. In
conductive or sem conductive structures. APPLI CATI ONS Dep05| tion and

pat t er ringgnhpdumengct suyertent irvehedd, i ncl udi ng inkj et printi ng, i s descri bed
in, for exanple Piqe risey. (Eds. e Techn esfor Rapi d
pr ot ot yp1 ng RIS a0 oSt 18Rl R Biekurso HRER A i BEPdec Brboer

Sour cessxafpied &% thaﬁ’rleﬁ $icrdRdr less than S%Cﬁﬂm Te@hbseAcd & Fa@idiildAeh can

sem conduct or devices i ncl udi ng transistors and field effect transistors.

Tr ansi dc8t ¥itk areventigir ofcdoggingthe @0g@d¢monent s i ncl udi ng conj ugat ed or
conductive HR'd%H@S'it%n, solvent can be removed, and the initial steps for converting metal

precursor to metal can be started.

CONVERTING PRECURSOR TO METAL

The inks and compositions comprising metal complexes can be deposited and
converted to metallic structures including films and lines. Heat and/or light can be used
including laser light. The atmosphere around the metal film can be controlled. For example,

oxygen can be included or excluded. Volatile by-products can be eliminated.

METALLIC LINES AFTER DEPOSITION AND CURING

The metallic lines and films can be coherent and continuous. Continuous
metallization can be observed with good connectivity between grains and low surface
roughness.

Line width can be, for example, 1 micron to 500 microns, or 5 microns to 300
microns. Line width can be less than one micron if nanoscale patterning methods are used.

Dots or circles can be also made.
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Applications include electronics, printed electronics, flexible

el ectronics, solar cells, displays, screens, light weight devices, LEDs,
OLEDs, orwyearot/esrastroni ¢ devi ces, catalysis, fuel cell $CTRISRDO/0&FSA4
bi onedi cal . 19 WD 2011/ 057218PCT/ US2010/ 055874 The deposited netal

can be used _as a seed | ayer, for e Wt for exa bse

CPactrop: ot Agne chboimept ghk toon P pr s ser e R i e HRSERHRES n 1 or
exanpl &yithduk €thdati6n 5 §OLtaRMI GEould IBntdtal FakiREos, 1§¢dr§§hﬁﬁele§/ ot n:ﬁ?o%arthCh 20,
2009, 1566- 1567 including 2D and 3D applications. | es of patent

literature ddstellimisragd rf@mho@tsbfamdpaquwmbavhmntsrlstmIOlﬁd@talfaoqi hemmﬂ)aéed Us
pat ent ,tg, Lb{fl' catth%(pg 2008 0305268 2010/ 0163810; 2006/ 0130700; and US Pat ent
Nos. 1 5@ Bli n§ 951, 666; 6,818, 783; 6,830,778; 6, 036, 889;

5,882, 722. WORKI lﬂ@sammhﬁsa@@me&aﬂq leShd ¢t 9CHAPL BXeS, or at leastRr5aGLF,SOrs to
both sil ver and gol d conpl exes were si I ver carboxyl ates. For their

synt hegnefal, gr fdeashofdt-Hotetihsed on Ag20 (reaction 2) was conpared to a

cleaner . chaagel iR RSAEMH AL YSRGS R0 S98H LRy Rmefhese are

shown beI ow, s are s od relies

on a solid sl\t/laﬁalehmesanﬁlfmm ceirﬁlbd Ndft@]dj@Stthﬁ’@S’micﬁfaB erectr@ded odbthenot vyi el d
analytically pure materials. In contrast, the netathesis reaction between a
car boxﬁofl@u‘%ﬁ’é’de&ﬁﬂreél | ver acetate went to conpletion, afforded

anal ytical | yn{é%@calc&m%@g%worl@ﬂﬁcﬁé@%ﬁﬂq?sdﬂgtaﬂﬂaw b %&ﬂné’ Gs ¥ h&ﬁs%smetl—lhe

el enental analysis of the two silver co exes fromthis reaction (1) were
C, 24.5%rkHun@ior2 Faneka@;pl@&theﬁ&ffefépc@cdiﬁbdlﬁ%lohtess s0b0Yopordess. and

cycl opropate,. res ectlvel The vaI es.are C, 24.64: . H 62 and C,
oo bF % Tany B e Grged: Shifi ey 8 Bbaqraponﬁaglﬁst&{ feefélrif Hnus,

appr oaqf frdparé superior to (2) 00 + Ag?" .......

SUBSTRATES

A wide variety of solid materials can be subjected to deposition of the metal inks.
Polymers, plastics, metals, ceramics, glasses, silicon, semiconductors, and other solids can be
used. Organic and inorganic substrates can be used. Polyester types of substrates can be
used. Paper substrates can be used. Printed circuit boards can be used. Substrates used in
applications described herein can be used.

Substrates can comprise electrodes and other structures including conductive or

semiconductive structures.

APPLICATIONS

Deposition and patterning by direct-write methods, including inkjet printing, is
described in, for example, Pique, Chrisey (Eds.), Direct-Write Technologies for Rapid
Prototyping Applications, Sensors, Electronics, and Integrated Power Sources, Academic
Press, 2002.

One application is forming semiconductor devices including transistors and field
effect transistors. Transistors can comprise organic components including conjugated or
conductive polymers.

Applications include electronics, printed electronics, flexible electronics, solar cells,
displays, screens, light weight devices, LEDs, OLEDs, organic electronic devices, catalysis,

fuel cells, RFID, and biomedical.
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+ Ag O/R HO/ (1) R= 0 HO/R or > Ag20 o Ag

WO 2011/057218 PCT/US2010/055874

The deposited metal can be used as a seed layer for use with, for example, subsequent
electroplating.

Other technology applications are described in, for example, “Flexible Electronics” by
B.D. Gates, Science, vol 323, March 20, 2009, 1566-1567 including 2D and 3D applications.

Examples of patent literature describing methods and applications include, for
example, US patent publications 2008/0305268; 2010/0163810; 2006/0130700; and US
Patent Nos. 7,014,979; 7,629,017; 6,951,666, 6,818,783; 6,830,778; 6,036,889, 5,882,722.

WORKING EXAMPLES

Example 1. Silver Complexes

Precursors to both silver and gold complexes were silver carboxylates. For their
synthesis, a known method based on Ag,O (reaction 2) was compared to a cleaner, cheaper
method based on silver acetate (reaction 1). These are shown below, and two exemplary R
groups are shown. The Ag,O method relies on a solid state reaction, failed to go to
completion, and did not yield analytically pure materials. In contrast, the metathesis reaction
between a carboxylic acid and silver acetate went to completion, afforded analytically pure
compounds, and proceeded in quantitative yields. The elemental analysis of the two silver
complexes from this reaction (1) were C, 24.59; H, 3.72 and C, 24.68; H, 2.56 for the
isobutyrate and cyclopropate, respectively. Theoretical values are C, 24.64; H, 3.62 and C,
24.90; H, 2.61 for the isobutyrate and cyclopropate, respectively. Thus, approach (1) is

superior to (2).

o 0 0 0
)K+ )j\ — =% )L ’ )k .
A
g\o HO R ~ R
R < or D
0 0
2
Ag0 * o — Aa_ )J\R @

HO o

From the silver complexes, libraries of Ag-carboxylate amine compounds could be
prepared that are viable for the production of metallic silver films, lines, and structures (vide

infra).

Example 2. Gold Complexes
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.R 0O (2) Fromthe silver conplexes, libraries of
Ag- car boxyl ate am ne conpounds coul d be prepared that are viable for the
product i omoab1wstaBl i c silver filns, lines, and struct uP€3/US1dO538M r a) .
Exanple 2. CGold Conpl exes 20 WO 2011/ 057218PCT/ US2010/ 055874 The

car boxyl at e unds from Ex so. i nportant. i nternedi ates in
Che. pr oduct I D1 GOORYALE (STISGRY BYe FRaiaNe ke A goRaor RSy O Rt Bct | on
of R Asr6ducabf oARCARRIEYLARR ORplcke@(FHd Ink§) Aa qu@éotmﬁrofhma @ahg AL

el ectrons). The driving force in this reaction is the formation of a AgCl

pr eci pidaeiosylawh@sie al dathKspiouaﬂ ueloancpamDga]nctmonsblsﬁhmm‘hng yorcemoths it from
th t lib th | | d te h > %

Ecanpl dEASSPD o BB AL DHSHEsEs MPBHOPHEST VAt PetprapTRiABL B T
Agcar b%ﬁﬁb@% R HoACIHdd8ictiBh 3RAUGAu nAAAd B GGG ZRNARAUWRH ORSH( CH3) 2 + AgCl

(reaction
Examples of gold carboxylate complexes from the reaction of R-Au-Cl and Ag-

carboxylate include:

PhsPAuCl + AgOC(O)CH(CHs), = PhsPAuOC(O)CH(CHs), + AgCl (reaction 3)
THTAuCI + AgOC(O)CH(CHs), = THTAuOC(O)CH(CHs), + AgCl (reaction 4)

THTAuCI + AgOC(O)(CsHs) = THTAuOC(O)(CsHs) + AgCl (reaction 5)

Abbreviation legend and structures:

0 0
HsCe s
— P
HsCe / 0 0
HsCs
Ph;P OC(O)CH(CHj;), OC(O)(C;Hs) THT

Initially, via this reaction as shown in reaction 3, known and unknown structures of
triphenylphosphine gold carboxylate complexes were fabricated, and the crystal structure of
one hitherto unknown species is shown in Figure 1. Although these showed excellent
solubility in toluene and other aromatic hydrocarbons, they were not preferred to provide
uniform films upon thermal treatment as they can result in well-separated gold nanoparticles
with less pathway for conduction. This is possibly due to the presence of involatile
triphenylphosphine in the starting precursor, which forms involatile triphenylphosphine oxide
upon heating to yield an insulating matrix. The AFM (atomic for microscopy) image of these

gold nanoparticles is shown in Figure 2.

Example 3. Other Gold Complexes including THT
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THTAuC + AgOC(0) CH( CH3) 2THTAUOC(0) CH(CH3) 2 + AgCl (reaction 4) THTAud +
Ag0C(0) (C3H5) THTAUOC(0) (C3H5) + AgCl (reaction 5) Abbreviation | egend and
st ruct ur 880 2011/18) CH( CH3) 2 OC(0) ( C3H5) THT | ni PCAIUSP)10/953874 hi S
reaction as shown in reaction 3, known and unknown structures of

tri phenyl ph hi ne gol d carboxyl ate conpl exes were f te t he
ot s el B A s e B oo p o e ey o el

Al 't houghgohe ﬁ@e W@;@s%&@e{&%e@&cﬁ% Fdrtiye faBnEéﬂo'ﬂ%@@\m%s%ﬂedeV@lbﬁéﬂit ic
hydr ocar bons hey were not preferred to provide uniformfilnms upon thernal

t r eat nekitis a@r@mWasahmge@MOt fqrmvxvmpller@épwcamedngtﬂl domtamtop dratneleedami t h | ess

Cri phoyrorstty he taendoLE sk RoRETOMBIE AL e bR RUFREAERUBD e ™' ©

tri phen%h(ph@? Rl poe: tB hebeniSEP@At thepfdcﬂ@of Soriplet ﬁi:n@enn ko6l ad hidgnalBt ri x. The
AFM (at om m croscopy) inmage of these g | d nanopartlcl es is shown in

Fi gure lwdrm&wselvsntsanﬁié?r (orrecaedrip hisdeyeraliciiglds-ng THT 21 WO
2011/ 057218PR d
201U 05721 ST T RARMURREET ) g cSMLU NG I AANOPSAE LA Bl AT 00 2

per specatheméstdyas, fb]l’l@(ahf}i])d? itiratiglothe @éacﬁdn bf bdmmmlkézeweilﬂﬂeHAuﬁM anddppr oach
was desi gne exa ze t al co I n_the nol ecul ar

f
precurseﬁPlVa?eS) qfsTéfTr foapd R nPW&'Eﬂ%CEmiXI Earpm Isfpelret %tq?ef Teagfiqnpf aabge to
reduce bRy nga(é Vwﬁ ‘THQJFUAQ)Cl(c%)l M@P@ﬁﬁthttﬁbefo%%nsﬁf AN IEHE Al %E‘FBW sor

conplex re n soluble in aro drocar bon sol vents, /or” (d) proceed
i n hi glprodwet,ahdt cgn b¢ dasily filtered off, yleldlng the desired, unkown THT-Au carboxylates

(reactions (4) and (5), preceeding page). Thus the THT molecule would reduce the Au(l),

and the carboxylates would fissure to release CO, and a small organic radical that would

abstract a hydrogen from a solvent.

Shown in Figure 3 is the TGA (thermogravimetric analysis) of the gold complex
(inset). On the y-axis is the percent mass loss and on the x-axis is temperature. Based on the
theoretical value of approximately 53% gold residue for the proposed structure, one can see
that the data is in good agreement with theory. This adds further credence that the postulated
structure is indeed the composition of the product from the reaction of THT-Au-Cl and Ag-
carboxylate. At this stage it is noteworthy that although the sharp transition begins at about
90°C, the THT-Au-carboxylate complexes slowly plate Au(0) at room temperature and can
be stored cold, as neat oils or aromatic hydrocarbon solutions.

After the synthesis of the THT-Au-carboxylates, gold films were deposited using
toluene precursor solutions (concentrations varied, but ranged up to 200 mg/mL) and Patch
pipettes. As can be seen from the log resistivity versus temperature plots, complete
metallization occurs at and before 110°C. Also, as the solutions age, the onset of
metallization begins to decrease slightly in temperature. Alternatively, 100 mg/mL Au
solutions have been spin-coated on UV/ozone cleaned glass and Si/Si0, at 1000-1300 rpm.
The AFM images of the Au lines between two electrode pads show continuous metallization
with excellent connectivity between the grains and low surface roughnesses. The
SEM/EDXS measurements unequivocally show that Au is present and the line is coherent

and continuous.

Example 4. Gold Amine Complexes including DEED

22
WASH_7465156.1



Tet r ahydr ot hi ophene (THT) gol d conpl exes were investigated. An entryway

into this chemstry is, for exanple, through the reaction of commercially
avai | abl evBaoGs7a8d 2 equi val ents of THT to yield knowrCTHB2M0AEI874 Fr om
this nolecule, the reaction of a Agcarboxylate with THT- Au-C can proceed

ith the f ti f i nsol ybl e AgCl duct, that i |
¥V: | ter eg 019 1[1%16309{13%?05?1?'@%%%%3’82#F’éﬁab‘iﬁ%%aﬁgerl‘gﬁsgiﬁp%ﬁpﬁ‘b95$gﬂgﬁ : agiac%/i ons
(4) andytbbropRfc@eafkix) Igncpaagﬁ}begdglggsme arhthk d&%ﬁ&&k eve%grﬂ)rﬁl%Wyt he

Au(l), and the carboxyl ates wou fissure to release CO2 and a snal |
or gani cvelhdiwve gbldideatplenss dreatssttedipithaN, Nydiethylethyl nediamin(DEEHD) (see Shown

(1 nset)eResh TR QT ARSI R S PIRLER, B Bt IR GG =

t enper atairfldeBasRdefioh Ras bheEEl stidbvoralghe a8l teRh Wedsel [ierdidfdgol d
resi due for the proposed structure, one can see that the data is in good
agr eementcediupaertvgewiny themexs deyd dBoth tha svstopesnatretdd sqtvirate kemplsesivatced

struct LS.l Iyt e C o] : tion of
T A BT e RS C R Al S PR o SRS P g

t he shangreiscamnsdtdllisniobeghpsatatesaidoeit sud@ests pieeted HabiAuy car boxyl at e conpl exes
slowy plate Au(0) at roomtenperature and can be stored cold, as neat oils
or aromati c hydrocarbon sol utions. After the synthesis of the

THT- Au- cai bopytat £8vc1@Rbohid Wit MEhe deposited using tol uene precursor
sol utions %concent‘?}éct(%gnlga vari ed, but ranged up to 200 ng/nL) and Patch

pi pettes. As can be seen fromtheldepg resistivity versus tenperature plots,
conplete netallizati occyrs at_and b&fore 110L. AMO, t he sol utions
age, the onset\ of net T tE&rMbe ils/to dedyease sl y in tenperature.

Al ternativelly, SoRAWO® nm. Au ti pis have [peenAupi-f) coated on UV/ ozone
cl eaned gl as nd Si/5i 02 at 1000-Y300 rpm Ne’ AFM i mages of the Au lines

bet ween two el ectrode pads show conti nuous allization with excellent
connectivity between the grains and | ow surfacé roughnesses. The SEM EDXS
measur enent s unequi vocal |y show that Au is present and the line is coherent
and cont i Abidudu-imbyhate with RBER Ani ne Conpl exes i ncl udi ng DEED 22

Because of the slighthernmal i iStU8HRI fty a cregged L ongevity of the
THT- Aucycl opropate ¢ | X, and/-pa(tly becau ilven_am ne conpl exes were
performng v, wel |/t go %l:%orrw es we ‘F%ﬁ_;_ wi\ h

N, N- di et hyl et hy Mf:)olm ne ( ) {see below) . ¥ HT) Au( car boxyl at es)

wer e di ssol vet’in toluene, and a | arge exce of DEED was added. The
reaction was allowed to stir overnight, and tH‘I? solution was filtered and
pl aced under vacuumthe next day. Both the cyclopropate and isobutyrate

conpl e r}}] i EHM E¥1ei r syntheses are
shown é%isdgwé %o?ﬁpéxetlﬁ%llé?e% [ %%?Z%@%&@%@ﬁfg%g?%# enper at ures which
suggest s gr eklfeatewsdiBbi tdrbyxylatd orhpunds.-ssyitkapsdpameithet Ag ORI 20,CoH;
THT- Au-i sobutyrate with DEED O C -Au---0 ,-, N  H2 i
(silver acétate, a new method) vide supra, were reacted neat with different multidentate
amines and tested for their viability as conducting ink materials. All reactions were done
overnight at room temperature, the solutions were gravity filtered, and the excess amine
removed in vacuo. Amine ligands can have ability to act as electron donating species
(reductants) to achieve the transformation of Ag(I) to Ag(0). Furthermore, they can afford
volatile by-products that would minimize film impurities. The choice of carboxylate as the
other ligand was to select chelators with a minimum number of atoms that would bear an
anionic charge, making the molecule neutral and thus soluble in aromatic hydrocarbon

solvents. It was envisioned that the carboxylate would again fissure to yield CO; (a gas) and

volatile small organic molecules.
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[--\ _/NwWO)( H2ZN /1\1 \r-19--- H\I' H2 Exanple 5. Silver Am ne Conpl exes
i ncl udi ng TMEDA and DEED The new silver carboxyl ate conpounds,

synt hesi 280 2brions7aB8t her Ag20 or AgQR2C2H3 (sil ver acet at @CTAISR@EWORESTHO0d)
vide supra, were reacted neat with different nultidentate am nes and tested

for their vigbility as condycting ink.nateri | reactions were done
over ni ght at ' 6t 8%@\‘6&?6 BT Gy p’?BF%@Te&?Q%WE’%ﬁSr'aVi ty filtered, and the
excess t@t@érﬂ&h{rl@!ﬁ?lé%@dihﬁiﬂé%@%DAW? attdrRBAS ARBSUINAYEcRBUI, il prbu@Glas @S
el ectron donating species (reductants) to achieve the transformati on of
Ag( 1) teodimegledr silFarcogtaxorigh atghetpplibin iéhotiahsyintramplegulpybpd@ingict s t hat
woul d m nim filmjnmpurities., Th ice carboxyl ate as t.her
1 gand ety setridh R L b iog e iR T Sherr i asRid B e ou o
bear arhn@@b%ﬁie&h@ﬂi%h@@atal%hﬁeﬁg thid@dnipibewtd Rulet bainsaiblctinttugelandl e in
aromati c hydrocarbon solvents. It was envisioned that the carboxylate woul d
again fhygeaseepig-o yield CO2 (a gas) and volatile small organic nol ecul es. 23
WD 2011/ 057218PCT/ US2010/ 055874 The reaction between silver
cycl opropionate and N,N,N , N - tetranethyl et hyl enedi am ne (TVEDA) was
at t enpt edl.) Bynbesghf silve €5 sk clbprophte wathoN N’ Mgctearmidthylethgknedinhmiter conpl ex
w th argent quMEDS)i nteractions, intranolecular bridging carboxyl ates, and
i nternol ecul ar bridging TMEDAs. After recrystallization from TMEDA, and
despite the high netal content, the conplex\was found to be insoluble in
t ol uene and hygroscopic. 1.) Synthesi SI&EE si hver (I) cyclopropate with
N,N,N , N -tetranet hyl et Wedi am ne ( A)C, 0 12-"( 0-Ag
¢ N 5\4_5_0
D_(o---Ag neat \ o—ig—3>—<]

_—
_—N N

Figure 4 shows a diffraction-derived molecular structure of dinuclear complex from
above reaction

Two drawbacks of the silver TMEDA system were solubility and moisture sensitivity.
It was postulated that the solubility issue could be remedied by using an unsymmetrical,
bidentate amine with longer alkyl chains on an N-terminus and a non-cyclic carboxylate,
which could not pack effectively in the solid state. Concerning the latter, it was believed that
the moisture sensitivity may be rooted in the weak argentophilic interation (Ag-Ag bond) that
would hydrolyze upon exposure to moisture under ambient conditions to place a H,O
molecule in the Ag coordination sphere. Thus, silver isobutyrate was used as one starting
material and N,N-diethylethylenediamine (DEED) as the other reactant to hopefully yield
more coordinately saturated, soluble, non-hygroscopic mononuclear molecules without Ag-

Ag bonds.

2) Synthesis of silver (I) isobutyrate with N,N-diethylethylenediamine (DEED)
O
>—/< neat > 2,0 ’H2
O- Ag ™\ P -7 j
H,N <\IJ O Ag-- (N
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-N N\ neat P- Ag-0 Figure 4 shows a diffraction-derived
nol ecul ar structure of dinuclear conplex from above reaction Two

dr awbackswof20tis7a8| ver TMEDA system were sol ubility an@#CRaiSse10/085874
sensitivity. It was postulated that the solubility issue could be renedied
by using an uns trical, bidentate anine with |onger al kyl chains on an
Nt or i us BT GRS T hS B Ry ARUe O ATt S SRR P Pyl
in the $gld fashigte. Concerning the latter, it was believed that the

noi sture sensitivity may be rooted in the weak argentophilic interation
(Ag- Ag bond)As ¢eatbowoen tromythe sihgleerynted r-rex posuinis (Rleovieniashenaaudnaedg@iri ent

Con Uiy 85 S PR Sl SR ARSI
N, N- di edebpth@NWldeneds. ahdeoor@eRidn @onich§ 8bitake 5iBRE Nk tﬁgbnbp}lﬁleﬁdﬂviriﬁl yield
T on thoe g s ghidgon bound and a Singls oxygen atom o the caroonylate coordinated. This Coo 2
complex is not moisture sensitive and is soluble in aromatic hydrocarbons such as toluene
and xylenes. Thus, it provides a number of advantages.

Following the successful synthesis of the above compound, toluene solutions of 65-75
mg/mL concentrations were made, and lines were drawn between two gold electrode pads
and annealed under ambient conditions. The change in resistivity was measured as a function
of temperature, and the resulting metal was preliminarily characterized. Toward this goal the
following data were obtained. Figure 6 is the change in log resistivity (y-axis) versus
temperature (°C, x-axis). From this data, it is apparent that a striking loss (about 7 orders of
magnitude) of resistivity occurs between 190 and 210°C. To test the composition and
morphology of the resulting silver, scanning electron microscopy (SEM) and energy
dispersive x-ray spectroscopy (EDXS) were performed. The former visualizes the material
under high magnification, while the latter gives information about the elemental composition.
The SEM image clearly shows silver metal adhering to the gold electrode. EDXS indicates
that four elements are present Ag, Si, O, and C. The Si and O arise from the substrate and
should not be considered, whereas the Ag and C are relevant. The carbon is most likely
surface bound contamination. The resulting Ag(O) is metallic.

Figure 6 shows log resistivity versus temperature graph. Figure 7 shows SEM, and
Figure 8 shows EDXS of the metallic silver deposited from the above Ag(l) complex. The
EDXS data showed that only C, Si, O and Ag are present in the film, with Si and O
originating from the substrate.

The solution deposition from a Patch pipette (above) was the initial method used to
deposit the Ag ink. However this only served as a preliminary experiment prior to the inkjet
deposition of silver lines using a 62.5mg/mL toluene ink. As can be seen in Figure 9, inkjet
deposition was successful using a 30 um nozzle to afford approximately 200 um width lines.

Given the success of the (DEED)Ag(isobutyrate), carboxylates were changed and the

cyclopropate anion as a coordinating ligand was explored.
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2) Synthesis of silver (1) isobutyrate with N, N-diethyl et hyl enedi am ne

( DEED) 24 WO 2011/ 057218PCT/ US2010/ 055874 Figure 5 shows a
di ffract iwe-2dawisvad nol ecul ar structure of nononul ear c@®epIuES00085870bOVeE
reaction. As can be seen fromthe single crystal x-ray structure

(above), a nonucl.ear Ag(l). conpl.ex was.synthesized. containi a

Car boxyl at o TEHA ity ARG SO GIA GiomA o EalEng: fe T BT s The
coor di nghpaanseHIR tHYandRRUhs (DEEDIA M RbbitOftd)S HowedeNahilB iinatsept t h bot h
am ne nitrogen bound and "a single oxygen  atom of the car boxgl ate

coor di navedionTaicgiot bmgeéky sgentdic thedrst the catpoalsindywles wnedvérsd bpthebl e i n

umber S HOERRRJROT YRR Bty B AL kPN " above

conpountMEDAYEMEhBGHUERS) theQfycPropy] BduplsteeEEpn LAl JtRRSstylilignga@de, and
| ines were drawn between two %ol_d el ectrode pads and anneal ed under anbi ent
condi t iBplsculaisrustyshil similpghayipy pquld i snvieared hsge. aoltpvripg eYapertiop of

t enper . t |t [ m i1y - r i zed.

ronar d Phvgfaftsri@eq F thalefign Qb ElneABTIoBEy! Bl i riBRAAEY 2 %G ange
i n | og tha@sdalyistabtlizigythaxdsatingdilsugeltdRigpegtat utceal i £&tion taxpaiturdsr om t hi s dat a,
it is apparent that a striking |oss (about 7 orders of nagnitude) of
resistivity occurs between 190 and 210C. To test the conposition and

mor phol ogy afjj\ih )Eﬁ%ﬂr&éﬂ&wﬁh'ﬂ@ﬂlb scanni ng el ectron m croscopy (SEM and
energy di spersivg X-ray spectroscopy (EDXS) were perforned. The forner
visual i zes t terial wagter hi gh_ nmagfificathon, while the latter gives

i nformation Eabou’% _nge—(%‘l—f;rrgn‘[:?' c ition-- SEM i mage clearly shows
silver netal adhering @ thg—gold el ecPrasde.. EDXS indicates that four

el enments are present Af, Sk, 0, and C. The & and 0 arise fromthe
substrate and shoul d not be\ consi dered, Wneitrags the Ag and C are rel evant.
The carbon is nost |ikely surface bound contam nation. The resulting Ag(0)

is netallic.g; - FJ . L,stl Vi r aph.
Frgure 7 shaiieaf URdErE BURIRr BlehBRL R plof KLY HSELDIASERT GO o7 2P
deposi tled dravombtthecaboy golAg{dcirodopaals @x.Si/Bi@, £OXS @ahg/nshwisahetshimtionnl y C,
Si, 0 apd Ag .are present inthe film wt i, and. O orj.ginating fromthe
subst r ettt QS REHe Ak et asenti s0Ht { A ETPRCERBTSERLE Sabove) vies
the i nidobalxifBEROMH b8tk ParEPASIbut 1A I Bknte/dOBMEBE: hhthSi- @Yol fved as

a prelimnary experinment prior to the inkjet deposition of silver lines
usi ng atedigheylomperaphnaenggesting grsita armbbdy.selaph iswikit guoudd s désmkpletin a

depositjo s, successfyl ,usin 30 .gm nozzle to afford approxi mately 200
gm Wi dtmoﬁﬂicﬁg’éth sight lcan&q\?gﬂlfFﬁgd 2%58‘@ 5 of the (DEED)Ag(isobutyrate),

car boxyl at exComRERI Bgeebrangideh@tcCneh® PN ONEL B aron as a coordi nating

| i gand was explored. 25 WD 2011/ 057218PCT/ US2010/ 055874 It was

i ni ti alneptagwtsidiathylsoetpemsnn@MBETAd systhesspelew) mes amployedast a slightly

hi gher t I h . 2 ' . whi |l e
the pr es g‘[rﬁ?l%l[t% gﬁ? ]il% njgpg%agﬁl hg{ﬁ{@%ﬁ%{g(ﬁ&@%ﬁg ﬁgﬁ;@%@gh@%@%g@ ,0 fﬁﬁﬁﬁﬁégé? onal e
may be doncomemedo pigldshdoar yowtdihite semprekimBigofe Bl Is\agdin (allpg esststiopy opate wi th
N, N, N , N -tetranet hyl et hyl enedi am ne ETI\/EDA), In thjs structurg, t he
cycl oprepys tgrrsipareiotal s PP eaMeGoheyratyilmgidraver hegfvesbtwbedeul ar
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evaporation of the solvéent, this nolecule may align using the cy
gr oups wsle@ozs mprtlizatitreateinyevei brghet teynpstagbe kianithgptchous esaubitviengothpleres

Ve e NGhatla A0STy {082l 7480 g RES A S SmisTh most 11y dSY Sl OREAGkE W th
First, a four coordinate Ag(I) is less labile and mobile than a three coordinate cation, and
second, the tridentate amine has a much higher boiling point than the bidentate amines

making it less volatile and less apt to decompose to base metal.

1) Silver (I) cyclopropate with N,N,N’,N’,N”’-pentamethyldiethylenetriamine
(PMDETA)
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0 neatH2 >40 N O-Agi ,-) /--\ [/-- - - -Ag HZN N \ Figure 10 is the
|l og resistivity versus tenperature plot of a (DEED)Ag(cycl opropate) |ine
dr awn betweoenitosx21g§ol d el ect rode pads on Si/5i 02 from aPE6B/Usgé1ei053834 uene
solution. As exhibited in this figure, one again sees an about 7 fold drop
in re5|5|t|V|ty ver an approxi mately 50C range starting at about 190C It

is |nterest| eaEzat|on occars hi gher tenperature,
suggesti ng g ea what uld be desirable in a product
wi th significant éﬁelh I| nd I ngeQ}AyJ"N Concerning the silver, a

tridentate amne (NN, pentanethylg?ethylenetrlan1ne ( PMDETA) ,
synt hesi s bel ow) was enployed as a coordi_ating ligand. As drawn, the
tridentate anmine is coordinated through all of its nitrogen donor atoms to
yields a four coordinate conplex. In Figure 11 is again a log resistivity
ver sus Hampds at CoppPl@mpdéx a ( PMDEA) Ag(i sobutyrate) |ine drawn between two
gol d el ectrode pads on . Si/5102 froma 65ng/nL tol uene solutlon As can be
seen this cohpleRtamaetighas lh&aﬂlﬂlquﬁal@tﬁweétbyéﬁa%\?ér‘?f RipgHBiY flrpasted ur e

than | BRI RURH IR ALY B AL B Widdhede SRl BE0RARL ! fol d

change 1n resistivit IS 1S nost ors a
four ccrecrgista]aﬂzetlo@g() Iy)eld sbde$6%d @bdhe. dhd l@hxil Ivas theameatddhwigtecappor di nat e

cation, he .tridentate am ne ha ch hi.gher boiling point
Chan BB HRR I OMEN RGN d SSo ks 1 B e XT3t to deconpose
to bas ecet‘ﬁﬁ&@{ure pibt Rialde&hotvh  Fighk! PYLRR&HRg Va‘lhta roximate drop in I‘eSISthlt of 4

N,N N, N -pentanethyldlethylenetrlanlne (PNMDETA) 26 "neat 6

orders of magnitude suggestive of the formation of copper metal. SEM/EDXS (Flgures 13
and 14), between two gold electrode pads, confirms the presence of three elements, Cu, Si,
and O. The Si and O both arrive from the substrate, whereas the copper comes from thermal

decomposition of the complex.
o 0 J AN

Fsc/u\/ﬂ\ o f/\ O-.

benzene =~ HN--------

beszene HN O CuOMe), 28nzene benze ,\

reflux

Of——\NH F3C)\\\/lk F3C*—< >_/LCF3
- 2

Example 7. Additional Structural Information

Given the success of the (DEED)Ag(isobutyrate), the cyclopropate anion was used as
a coordinating ligand. As can be seen from the diffraction-derived molecular structure
(Figure 15), this mononuclear complex contains the bidentate amine and the cyclopropyl
carboxylate. The geometry about the four-coordinate Ag'" ion is tetrahedral with both amine
nitrogen atoms bound as well as both oxygen atoms from the carboxylate. In contrast, only
one carboxylate oxygen was bonded in the aforementioned, previously shown,
(DEED)Ag(isobutyrate). The different thermal behavior (higher metallization temperatures)
of this compound with two Ag-O interactions suggests that these (among packing factors,

vide infra) may be responsible for the increased stability.

Example 8. Additional Embodiments including XPS and Work Function
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--N NN \/ Exanpl e 6. Copper Conpl ex A tridentate Schiff base

| i gand was synt hesi zed by reaction of a partially fluorinated acet oacetone
deri vat i weowntisexiBanol am ne. The tridentate Schiff bas@Chas2poosisred by
recrystallization to yield about 50% product. This |igand was then reacted

with co oXi ene a f] uxed over.ni | o
Fesi st v PETOGE Vapupay URE On AQIdMass SRS (bEPGOree 05§ AWON B | ng an
appr oxiJeb&tcd(§n takt, 1890 %ﬂl\ﬂotrf{ 100 nfb/iRL @&ﬁ&leostﬂmgybﬁtu qegla%g ggeehicvenof the

formati on of copper metal. SEM EDXS (Figures 13 and 14),” between two gol d
el ect r cuelepedistrorodint 26 men tlhlag@rtbfsbmglet rafget Hrome apijremmmtdy 4Qtn 6(Bn1;n vaitfda 0. The
Si and 10 bot h rive fromft;lg SUbsl‘i]Q?Il V\/ner as the coBﬁ(g s from

t her mal YRS APEIPBENSHS Qi W%ﬁs‘@ r withouppih el dREBEnYene H\-

- NH  HNGHO SN 189 a%ldrtﬁéée%rsﬁivﬁt‘ﬁhs hvére sibstiBalE &R Gos tht%@ghédt%@t{an@lédmt ural

| nf ormati on G ven the success of the ( DEED) Aéil sobutyrate), the

cycl opraogat @oanwmgmﬁ‘ém@@drea@na @@@le@trmtpmgeﬂtlcgafn ¢ sgmplearerbe seen from
t he di fftractl OC?-} fﬁ ecul Tﬁl:ﬁ(f? Ltﬁ (1 %ure 15), this nononucl ear
conpl eX"EOREEFHS™ ﬁlésf)f”i?esﬁ uree écré ¥ 81&% | opropyl carboxyl ate. The

geonet ry @heticat 0endRtTtE MRAEIrB@ERS AUbctHiod cofdical tpArdGREm¥tt eRot h am ne
nitrogen atons bound as well as both oxygen atons fromthe carboxylate. In

cont r aserfogned,on hén Bhnbhestiped fiompiBiGErh urislansereidy ?hetsrra@d@mcsp@mrmaud% ed,
previ o5l shoue (OEEDHABUL AN AL TS LCRSRL d HERImle bR

(hi gher erature IS conmpoun
I nt er aabluensseug@e spen-tdzant 1100sIS00 apmn@ﬂpmktangaﬁ@cms &mnucldevadrtfyr a) may be

responsible for the increased stability. Exanple Addi ti onal Enbodi nents
i ncl udlhﬁé ingran & RAtplags Tor ebertli ipute to a temperature of about 150°C. Thls method led to

Au films with thicknesses ranging from 20-50 nm. Conductivity was measured using a four-

point probe station. Film thickness was measured by AFM on the punctures in the films made
by the probes. Conductivity [S - cm™] was calculated according to the following equation:

1
 4.53xRx1

where R is the resistance (R = V/I) in and [ is the film thickness in cm. It was found that the

(1)

Au formed from the spun-cast metal inks gave conductivities on the average of about 4 x 10°
S cm™, which is just one magnitude lower than what was observed with sputtered Au

samples.

X-ray photoelectron spectroscopy (XPS) and Ultraviolet Photoelectron Spectroscopy (UPS):

The interface was examined using XPS and UPS measurements.

Sample Preparation
The starting substrate was a highly doped (n+) Si wafer (1.5 X 1.5 inch?). The wafers were
etched with buffered oxide etchant (BOE) in a class 100 clean-room at Carnegie Mellon
University to remove the native oxide layer. Thereafter, the final samples were prepared as
follows:

Sputtered Au film: 5 nm of Ti (adhesion layer) and 50 nm of Au were sputtered onto the

doped n+ Si wafer.

Au thin film from metal precursor solution: The n+ Si wafer was cleaned at 120°C in an UV-

O; plasma cleaner for 20 minutes. The wafer was then placed on a hot plate initially at room
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27 WD 2011/ 057218PCT/ US2010/ 055874 Atom c Force Mcroscopy (AFM: An AFM
i mge showed the presence of a Au(0) filmdeposited (spin cast, 1300 rpm
from 100 wo/2nl1/ased18ene sol ution) onto a gl ass subst rat e PCA&ISemi0®&Isced from
this 25 gnR2 i mage, the height ranged fromapproximately 40 to 60 nmwith a
| ow rns_surface, roughness ,of 7.90 nm .The filmwas uniformwt t

pi ol dSTPHER B Lo SR ER Ag S € e OHED BiHe SEPBBORN AL SET it L0

subst anhgalll %1ARkoINHON STHeRERNIGBREL whdBeS ARS8 Rr-efsh °(HRl vaydri@ 1M

measurenents, the electrical properties of the sanple were interrogated,
and t hesbrear andsiots depumetal flndescri bed (vide infra) El ectri cal
Conductivity Measurenents: Electrical conductivity nmeasurenents were
performed on thin films derived from (THT) Au-cycl opropate by the standard

spri ng- | oadedrpiREERS rca@ntmekss f our - poi nt probe net hod at anbi ent
conditions. Filnms were formed fromtoluene solutions spun-cast at 1000- 1300
rpm FiThemessarementstwan copdyicted aningaricavaee myltinsehy sygfaehanal ot sysigePhior

about ' a t : ' t u filmns
W th ¢ o Salste THRTREE AR PR e alitc Mol KPS NS i ng &
f our - paWtsoprcofeeHs s@irt®ind Hhdmisphurickingalzams measured by AFM on the
punctures in the filnms made by the probes. Conductivity [S cm1l] was

cal cul ated according to the foll ow ng equati on: (D) 4.53xRx 1 wher e

Ris thepd e8fisd@hEX(Ry Hedth Waslifki @ nbrrhad 8 1 shinb® dnlis¢ KRRFRed, Il It was
found tha 1eS u ?or n‘ggefrorﬁstlhé span-cast rrgt ak inksS ave conductivities
on t he eavéecapietodlcamastvede collb0ed 8t amerhissinhianglc iof 45 Ustationéo thmgaiplede | ower

e RISy G TR SR Al o9 o Sy photostectoon
i nt er f ag&c WBRIRYAININBHssUsicRS 23 A0 PRSXIPBABLIRNPEE $eferenced to an energy

scale with binding energies for Cu 2ps; at 932.67 + 0.05 ¢V and Au 4f'at 84.0 £ 0.05 eV.

The sputter cleaning of the samples were carried out using 2 kV Ar+ sputtering over a 3 mm

x 3 mm area of the specimen. The sputter rate for 2 kV Ar’ over a 3 mm X 3 mm raster area

is determined to be 6.5 nm/min, using Si0,/Si reference material with known thickness from

X-ray reflectivity and ellipsometry.

UPS settings: UPS measurements were conducted using the He I (Av=21.2¢V) line. The pass-
energy used was 0.585¢V. During UPS measurements -5 V bias was applied to the sample in

order to separate sample and analyzer high binding energy cutoffs.

The XPS and UPS spectra were processed using the CasaXPS software licensed by PNNL
(Pacific Northwest National Laboratory). Work function values were determined from the
UPS spectra by linear fit of the high and low binding energy cutoffs (secondary cut-off edge
and Fermi-edge respectively) of the spectra and determination of their intersections with the

binding energy axis.

XPS Results

XPS is a surface science technique whose penetration depth (the sampling depth from
the vacuum level at the sample top) is about 50 to 65 A. It is capable of exploring the atomic

compositions of thin films as well as their neighboring atoms, oxidation states, and relative
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Sanmpl e Preparation The starting substrate was a highly doped (n+) Si wafer
(1.5 X 1.5 inch2). The wafers were etched with buffered oxide etchant (BCE)
in a cl aswo200/wsiaan-room at Carnegi e Mel | on Uni ver si t y PCO/USRIMOMESSTHhe

native oxide |layer. Thereafter, the final sanples were prepared as follows:

Sputtered Au fi nm of Ti (adhesio a and 50.nm of Au were
sputtera@B Qﬁ’ilf% Weeaagﬁ%ﬁé‘my §le”\%ﬁ g}e ﬂl JPﬁh%/ %‘?“It?ﬁw{“rcgﬁlﬁ({ﬁ]@ At ecur sor

sol ut i oRgociN& With Sachvu%fr@atoﬂﬁcso&h%rbeea@ltelétﬁ&wln g V103 cRAA&ERstRI seaner
for 20 m nutes. The wafer was then placed on a hot plate initially at room

28 WO 20Derlg5T 211€8>P®5’/ nhsm:l@noa sRcrArutestkenchic gnergictldetcaraingd by teephtorpr ecur sor
sol ution mé\ﬂgr&?‘% ? E the wafer as a 100 ng/nL tol uene solution. The
tenperaelllulfgé’ d IR lggglgc?n?lgles 150 C to evaporate the solvent and form
the metal fil,m _XPS %UE ‘ ]% La g} ATea grerre&ts wer e nducted
usi ng a scanni“fg“ilfe ¥ Boe St éeﬁ?{&e;% TIPS eé’é%*ﬁn%? dapr obe.

Thi's sypt@m RN M&he Fnife ARA QR I- FuitiRES R tHY intéasity dfake f)éa‘f@@s 161280
source, a He source and a hem spherical analyzer. XPS settings: The X-ray

beam wee thawongenitatinn ofiic elamant avithimihe éarunlleé@l@peliliuf& @ig techntue peovadastat ed
phot oel %ﬁﬁtltgﬁée %@d}%m Oqldl sf}}fage% g@sl@ Ssi on an_gl e of 45 relative to the
e

sanpl e fiorma scan colTected using pass energy of 117.4 eV.

H gh- r esol utlh@oldsfilansdcpesied diinakdledory I 00 hghas ooy @utihs Adopocagion d he XPS
spectra were referenced to an e?éel(; aﬂfscal e with bjnding energies for

2p3/ 2 #orgddi wiparcrnghieatgd io\aPoat oyg glanengs, 356 opsgrverieAupelerand |Qeam ng

f th 3
ot ar oo oy ERitUES A ¢8R befh Rl vl i Enl brehigP RS VR QU Sl 3 T
rast er tarremoveal bi;eﬁmﬂhm ﬁhxdntgmfbleae freBurnen soiution ws cﬂgrlﬁlg@ﬁérﬂ)f thehﬁucém:e

mat er i Wi known h|ck ss fram X-r reflectivity and el]ipsonetry. UPS
setti ngijeﬂowga%%ﬁ& REFET daﬁfaaé%%ﬂe&PFF@@I&G&&%&OPM@WLI@@%\/}M i ne.
The pasfnf N8k @YardSEdaVR3ulP riefrg¥er Mo 90195’&1&%@@ wo@fﬁﬁém;s see% iY Xyigomas
applied to the sanple in order to separate sanple and anal yzer high bi ndi ng

ener gy heodiofg be sahplexpéerambigPSosditions kefousreadslockieg sed thesilhighighga@asaxPs
softvvar I'hcrfjns d b.é PNNL &Fam |c Nor t hwes tNatlonal é;lf)ora ory) Wor k
funct i SRTEFAES TREYBCYBR &l fi?cc?ﬁ%ﬁoﬁlél%ﬁ e IR RT SO P e fit of the
hi gh angut&@mgix ?smﬂﬁgnt@rtﬁés@mgﬁuél@ﬁl%ﬁts SRERRAR b g tbie-fRIrh tiRIBA@Nfethed 8T - edge
respectlvel y) of the spectra and determ nation of their intersections with

t he bi rf@nisgIRHONgASLHAN @e segos Froaig L ¢)sfrom depthyopafiling 3PS spdcse éspaigteisd aeth
B
at om ¢ re@EPQnbthar(sheohu bdtuallyf intirBseaas weld aebOtdherdmaved ohbiey infingin © AE
oxi dat I181r1]s) %x;[h%}re%g theaCn gmdr 8| paetallis 51g1121f9"1cantly decrease or disappear, respectively. The
elemental compositions of a film sputtered for four minutes (in our hands the maximum time
for which the experiments were undertaken) are as follows: Au (70.3%), Ag (5.8%), C
(17.9%), and O (5.9%). The binding energy position of the Au 4f peak unequivocally shows
that gold is in the zero oxidation state and as such can be considered metallic (further
confirmed by UPS). Based on the peak positions of the C and O atoms, these are most likely
bonded to each other and most likely exist as either carbonates or carboxylates, again
resulting from either spurious atmospheric contamination or incomplete combustion of the
precursors in air.
An important piece of data is the UPS spectrum (Figure 17). UPS is an extremely
surface sensitive technique that explores the outermost 1-2 unit cells (10 A) of sample. From

this spectrum, one can determine that the Au film is indeed metallic and behaves as a metal

with respect to incoming photons. It also allows one to calculate the gold work function (¢au)
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WO 2011/ 057218PCT/ US2010/ 055874 abundance. For each and every el enent,
there will be a characteristic binding energy associated with each core
atom ¢ orwptal1/45788 each elenment will give rise to a ch&Caaiser10ss3ises set of
peaks in the x-ray photoel ectron spectrum at Kkinetic energies determ ned by

t he phaqt on, ener and t he respect.ive bi ndi ener.gi es. h resence
of - poatesat Rt uiar §f EETinEvL Fotey [ PRSI T AT priesdhed: of o
Speci {1166 BRI ot bilth, §RIPhLINIARRCSH NN ibHECARI TR pldigrbAt ensi Y of

the peaks 1s related to the concentration of the el enent In the sanpl ed
r egi on.solthiva to b&r4.9tedL hFurgLpupErod oldsamptyy ant dtarmtard/@ngpuadsysithe ¢f, is he surface
conposi tion. old filns deposited fromsqglution, 100 ng/nL toluene

: In g ) :
sol uti oits Hhisfcansthaighe gold sysiprlesyribed srean rr@mmatble avithiha penicondsang f our
el ement - - Y Yo R OF : e adventitious Ag is an
expect eoég%ﬁg@?&%#s‘{tﬁﬂgt ﬁ%ﬁ%dé\%ﬁ@of?lﬁg‘gﬁg Séojslj?s (vide supra) and can be
renmoved by further filtering of the precursor solution or centrifugation of

o csondBsl: LoNLRRT Dt 4B RS S SRR 2T ¢ 11 o
ei ther surface contam nation (comonly seen in XPS from handling the sanple

under anbi enf , 600dh HBRSPHLOLFL OAHFARAK LAPadt AL QbERG U clAD LB, vacuum

Jo
chanber) or grom | nconp?ete tierna‘?‘g%econpom tion ot%gtrﬁae precur sor
sol ut i aomp¥ic te pittdgeni Ag seotp ersiifentsnpdune sethl dnghgh elenientstoronsdrel i kel y

originate fromthe forner nethod of . t am nat i gn . can be seen, (Fi gure
16) % WhUBY pvas seeht ﬁgw%rglaﬂxm{ﬁlg p@%@%-@ﬁﬁlﬁ\?ﬁwwwﬁ%@,gw 3
abl at esy g syhithaGEalsd /ARy bNBlabRIMITGRRED A Qbh Mdbthlodite (BYisaada AGwPeaks

remai n constant (the Au actually increases as the C and 0 are renoved by
t he i nplongiongd. ABilver isohsiyraihalceadet hea Grexmuiis Gcgwakwasicgetcd Witk 6-y decr ease
or disappear, respectively.. The el enental coppositjons,of a filmsputtered
For 1 odPits e SBRRS 5 Fandel o eSRRR R AT ERRoS b P Brre e Mss iR hen <
wer e unggrrtakes wah @a@sint. olThe Y&mnaifiug (yéQow ¥ lid Ads (hen 8%Amined €k itsUemicand O
(5.99% . The binding energy position of the Au 4f peak unequivocally shows
t hat golompositipp apdhes glifity toxtpaaticth metelt e and as such can be consi dered
metal lic (fgurther confirmed by UPS). Based on the peak positions of the C
and O :Enn?, tk\e_ze e mpst |likely bonded to each other and nost |ikely
exi st elg-hgr “ear bogat/es or carboxyl ates, again resulting fromeither
spurious gtnospherig contam nation or inconplete conbustion of the
precursors in air. An inportant piece of data is the UPS spectrum

(Figure 17). ' I Lt | ' expl ores
{he out er nbst 12 et Ea 1 PERE PR T e AERELHIH Rt BRIk PR "can
det er nishewn hdtigurh 8. Aotideltig argentophs bd imterbetidns €i.andmsehativefdls alveet al wit h

respect t ncomj,n hotons. It also all one .calcul ate the gold work
funct 1 SRMGRIS S6IMBIBaR e Do AR RO e O Bedih 4 1 BissBuCr Ty befuftes

bet weensihig tbehdvinitl @ Vidler TNEEIIX dokiplexaitehibligy esthnihicaRBe Hawel EE s siBased on
this calculation, (1)Au was determ ned fromthe filmderived froma

pr ecur sbioctigr earnpiex tsoiupe salubledy arqrapticpragnig sadyends. dosing 8 dApme/mbuelusgrcandar d
conpar 'S%Rl@ibnto?ﬁ}e(JB%té“cdnf 1& %ncfeayPatglpgi% HERNSS LA 108 1908, RYS LA descri bed
herein I's conpatibl'e W R RE Sehebhauet | ng organi ¢ polyners=using to

f abri cafl@tiolit padsi hichlcdnad taditsent Cyadibes, Ind Agetlitiigdralandindioof fenh,
Structural Information, Silver Thioether |t has been theorized that
sul f ur B0 s cdeboglkingatfBe change anirsSERLY Hehineieral lEEPEdWF ¢ r ogen.
As suchg: fyr.- i 3 i I Llity was
cought A N B R S B & it
t he synibhetsi9°al wbichéadinuyh dwedritabpaature Whenesoatparel toAdl of wishsitveeardinehi oet her
(B) is not a new conpound. Silver jsobutyrate, described in a previous
sect i orf OB Cadd _ wi b leweL meaRpUQL eamEraf e POt e ddn e dePesled _
over ni gfucingFowloftthaRiodaRr & réd 1ol £higd [igadhst he sol vent was removed with
vacuum The Temai ning yellow solid was then exami ned for its chemical
conposi ti on Egdcilfshals Log yesistivitpvmtagh@ituregraph, and Gigire 2Q shoxgSBawn

silver line between gold electrodes after metallization.
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AB Crystals were grown, sent for analysis and the diffraction-derived
structure was obtained shown in Figure 18. Notice the argentophilic

i nt er act iwOx0(os&18 di neri zation of the silver centers) Pa3/used/053874 he

i nternol ecul ar bridging sulfur ligands. This structure may be quite simlar

to the initial silver TMEDA conpl.ex previ qusl onmuni cat ed.... wever, this
RTINS AR e TS el et TS e C
Usi ng g ¢H@Q, #eddmbe §t9ﬂeb!“i‘1'i‘§re’i‘ﬁ%éﬂaio?%&$eeﬂ<§', e['ﬂéafp@br £RIMIRY AadridtdRAtah

pipette, lines were drawn befween two gol'd el ectrode pads, anneal ed under
anbi entscemmglyt hioerslittlanlange pr 84 dpricasnge anprbpeiiss. dh sphwional restybillizedy was

measured. Lookj.ng at the change i.n resi.stivit S functiaon of tenperature
CEr oo e oty g, B bt Be BABMRE il @l R plrkyy 85 Rub S st Re Mo oo
into base mahahmadarRRRUEynIROE andMah g BctbSzatioNd€ B nb@WRYerttRIFPREAL I eMzen
conpared to all of the silver am ne conplexes (> 100C). This | ower

net al | iSPAVROE Euvpleiacurepieseniad padiltag upes torlepetitvivgiemnciab dlid g oower of

t he thi  ONpar t i.ne. i j :

oS, L SPH RIS TR0 MBS e o lAEEATINERGS |
bet weeniggady ard BedanadsStsatipa@iorretiridg poatar affords lowdd metallization temperatures.

2011/ 057218PCT/ US2010/ 055874 The netal conplex was al so quite stabl e,
both in solution and in crystalline form As a solid, it can be stored in a
refrigaf.ahiiic (@ DWREKIthipghRaps or nmost likely indefinitely, with seem ngly
no or littl'e change 1 i1ts appearance or properties. In solution, it
recrystal | i z&lthcfh ¢ire BldleAd-carboxyatt compleses shoadd lpyomsingi rsstalizagidnd rsa@tsnar m

wat er hath and used again. In s .t he.synt hesi s. and :

char actetmapiaaBe afiutiw tsromsraiss S 06 M RSHa B et digtilys
Struct e tRICER]RLIAE as BRY hhd to'BSstbR@dt 133°deRQMiEh RIpkRfurB®ic§lare The use of
sul fur containing |igands represents a departure fromour previous efforts
on ni t rindgdmeigly stabdanblsls mawdeteerasleobihe low sistipen¢umbarangos ey dpdie theaf f or ds

A mough T e S a0 BEPEE B o R St el Fo ok BBl cons

resul t Sridgadireadé@symisahbitcorgiab it dtas bouht RNMRSadcUh&thiddMerstctoDHout bRl 1
thermal stability was slightly |less than desirable as they had to be stored
at -35C, at which tenperature they are indefinitely stable. This may be the
result of the low steric encunberances afforded by the THT |igand, whose
nmet hyl ene\groups al pha to the |sul fur atorﬁ\were pi nned|| back by an et hane
bridge. T dres t hi Se5hor t coxd it W Zought toN_ncriase tdfe

t hi oet her/ sterics about the go i on \32 usi ng a di net hi oet her (or

di met hyl sulfide) ligand. This also renoves two carbon and four hydrogen

at ons t i i 1S nt

avai l abl e fﬁ)%ﬁgln%%a%l %?gﬁgghi&%ﬁg(%@%ﬁgg gsu ﬂ?ie?? %ﬁ glgsglg? }@ﬁlloe‘%?gg%ti on was
per f or matboniant fowrdrydiaget atnis qoinpgrealt to tlo AT digped tietabe inaredsoigubaenctedi ng
commercially avajlable H6SAUCL. Its driving force js formation of the
oot uoaRl e A P e oS P 0 exp B PR, ol GO Y ¢ ¢ at i on.

Thi s r 3ctRRALEWRHAVERiIHP stARing AF FRET tenforatll® in REIRReSHg ThRkiScily K about the
Au atominmparts greater stability and this conplex is indefinitely stable

at 0C. aSavghi¢ SplAgiAuGlt IwrizingAerscas foamsiion ¢lathe irsalyblcad g lepragipitaie that is
THT- Au- car boxvl at es and. afkfor.ds hjigh .gualit e fil wi.th. excepti onal
conductraprrely S B hIBHET o ThEP Rl i s b b b G R e, anc
a suit aldr tilly sk tHeoXu Xtofrdiynpdith bfcatdk s@pbilitasnd Bendontpl@dis iddiinitely stable
diffraction-derived nol ecular structure exhibits 3 independent Au atons
wi t h bot R°¢ePripaisinghHEMstaliges #g ssuilarfemperatuiopy the I Hli-Agtaprhesyletes and
car boxy, . i LG .actions between the gold
ot oms, HRL S HEIFY B0 AIRLTRIL ALLARRL| tadBhIRACT PTC e b, a2

This complex crystallized from toluene solutions, and a suitable crystal for x-ray

diffraction was identified. The diffraction-derived molecular structure exhibits 3 independent
Au atoms with both terminal and bridging sulfurs as well as singly bound carboxylates.
There are formal aurophilic interactions between the gold atoms. The derived molecular

structure is shown in Figure 29.
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WO 2011/ 057218PCT/ US2010/ 055874 Exanpl e 11. Additional Exanpl es.

Figure 21 illustrates additional aspects for the synthesis of netal

conpl exeswOTha/5m1$ required purification step is a si mpCa&/useémwnaisizon. The
reactions proceed in high yield and anal ytical purity. The conmpounds are
stable toward air and noi sture. The final product should be stored cold to
reduce gold formation. Figure 22 shows a microcapillary approach

cont r olg@ehpldi 1.1 AkiYioM Eaffiptdsonani pul ator arm and then a final approach
by piezo stack. Figure 23 shows inpact of aging on resistivity versus

t enper at ur e pgwedl 1kasgnares anntlghajwspwsofroathﬁ sgmtlhd51$ ofmefah@brgdb@Spidis onlsi gure

25 shows ED ntent hows an
exper | MM PR AR TR G a0 pmesag Tl Filtnd

THTAuU %h@ﬁea@@ﬁ@t eTHe d¥mpduddsdtt eABR t@@hﬂdtauoernd rhoilfi S EChd fird¥ ptoduttme, 1
drop/ 0. 04 with 30 mcron printhead aperture on Si Q2. Fi gure 27

shows Xﬁgméﬁeégﬁﬁi%&éKS“@E%h§ﬂdﬁ§ﬂﬁﬂé%ursor sol uti on approach versus
tt d
RN - e

DESCRI B, hrid thén PROW e@lp@%hb&xlﬁﬁzb@ﬂh&(]\l 61/ 259, 614 The follow ng 66

enbodi nent s are desgrlbed in US provisjaqnal application 61/259, 614 which
are i ncor poridg¥a gy ?@?E?%ﬁ%%f?@@%%%ﬁ?wgﬁHYY%WVtmﬂpmﬁ““?ﬁ@&ﬁlnent 1. A

conposi tion g Qh%hggsggnkﬁgéﬂdgﬂgmﬂp%ﬁgpgﬁgglex conprising at |east one

nmetal and at st t wo wher el east one first ligand is a
si gma donor]ﬁgmtﬁésthaEDéhdﬂwanMngh@ﬁsmnmonoﬂgwding the metal conplex,
and at IeasH:one % gond | i gand di {feren% fron1the(%lrst4%gbch al so

vol ati | i zes [UpHh ZREARVRE! EFRET rntingaf gojdline, withl0me ¢ onpl ex i s

sol ubl erfPABCSAbNBPAnadY/1 42Cdry xylenes %1@@&1 BBAY/sée trde tHERITP AR /0.0 nfdh,

enbodi ment 1, wherein the mefal’ is silver, gold, copper, or platlnun1
Enbodln@mh3@HHWh@pﬁ@%®@%@m¥ﬁHﬁQﬁséhbodlnent 1, wherein the netal is silver,

?rglt gl IO; giol \}grre g?rrgows tongold-@e%ksC goql?pa%fntglp(?gcu%or sorib P ion appréac Ve}l\s’ﬁgr ein t he

sputtering approach.
Figure 28 provides additional conductivity and resistivity data, as well as an AFM

image, for a gold film.

66 EMBODIMENTS DESCRIBED IN US PROVISIONAL APPLICATION 61/259,614

The following 66 embodiments are described in US provisional application
61/259,614 which are incorporated by reference in their entirety.

Embodiment 1. A composition comprising at least one metal complex comprising at
least one metal and at least two ligands, wherein at least one first ligand is a sigma donor to
the metal and volatilizes upon heating the metal complex, and at least one second ligand
different from the first which also volatilizes upon heating the metal complex, wherein the
metal complex is soluble in a solvent at 25°C.

Embodiment 2. The composition of embodiment 1, wherein the metal is silver, gold,
coppet, or platinum.

Embodiment 3. The composition of embodiment 1, wherein the metal is silver, gold,
Or copper.

Embodiment 4. The composition of embodiment 1, wherein the metal is silver or

gold.

33
WASH_7465156.1



gold. 33 Enbodi ment 5. The conposition of enbodi ment 1, wherein the

netal conpl ex conprises only one netal center. Enbodi nent 6. The
conposi t iwe 20f1/6n18di ment 1, wherein the netal is in anPOXiU$a010065834 at e of
(1) or (I1). Enbodi ment 7. The conposition of enbodi ment 1, wherein

the first ligand.is dentate. ligand, . Enbodi nent 8 The conposition
of erbod merinaodi i e nericon 3 Pbindimeat b W dBrRaEs] FOBRgy

Enbodi nigifpres dlig oOARAS LLdt@N of enmbodiment 1, wherein the first ligand is
an am ne conpound conprising at |east two nitrogen. Enbodi ment 10.
The conposi tEbpdimertrfhothengempositionioé cebaditivet {.iwhksreihithpametal & iman

unsynmet | cal ] (of0) und conprising at | east two nitrogen.

Enbodi r?é‘ﬁ‘%a%ﬂ.s%oge@o%gﬁgi tion of enbodinment 1, wherein the first ligand is

a t hi ophene mhbafimand 1€ Thd bempdiiephemenaindf 1t eherbyde didilephene _
Enbodi ment 12. The conposition of enbodinent 1, wherein the first ligand is
not a phéme Heand. Embodi ment 13. The conposition of enbodi nent 1,

wherein the ' ' : - ' The
conposi tion %ﬁgog(ﬁ%‘g%ﬂl E?ma'rcl‘% éf%lp\%ﬁ%@é?)gé%ﬁhg&@eegto}ff ﬁlqrggﬁlgfdﬁ%?géagéﬁ%%xyl ate
conpr i stidentan lighikd/l gr oup. Enbodi nent 15. The conposition of
enbodi nent 1, wherein the second ligand is a car boxygﬁ%ﬁ represent ed by

_00C-R, wherlambpdimeat % nThy gampositign 9T cpfedisient R Haescindhotirst byand 1888 hon

atons. ;. ,ﬁi%qg] icgg;lb}- h8-at & tG8MPSUHI on of enbodinent 1, wherein the
second alnina%%%l S a ca blgx Iaate repr eser?t ed by 00C-R, wherein Ris an alkyl

group, wher dimbddimast 9. drhefoewpositian bbembodment 1, whereiftthedaisnteguind 1¥an The

conposi tion of . epbodi nent 1, wherein the conpasition is substantially free
of nandﬁlé}“%l%{rbcéfymme CompRpHT RS gt IWEW&W%B%@H on of enbodinent 1,

wher ei n t he GaRRRSLAL AN T doffpdbitivn bf 8RLOIimAANDRAM LIS HRSfirst ligand is a
thiophene or an amine. The thiophene can be tetrahydrothiophene.

Embodiment 12. The composition of embodiment 1, wherein the first ligand is not a
phosphine.

Embodiment 13. The composition of embodiment 1, wherein the second ligand is a
carboxylate.

Embodiment 14. The composition of embodiment 1, wherein the second ligand is a
carboxylate comprising an alkyl group.

Embodiment 15. The composition of embodiment 1, wherein the second ligand is a
carboxylate represented by -OOC-R, wherein R is an alkyl group, wherein R has 10 or fewer
carbon atoms.

Embodiment 16. The composition of embodiment 1, wherein the second ligand is a
carboxylate represented by OOC-R, wherein R is an alkyl group, wherein R has 5 or fewer
carbon atoms.

Embodiment 17. The composition of embodiment 1, wherein the composition is
substantially free of nanoparticles.

Embodiment 18. The composition of embodiment 1, wherein the composition is
totally free of nanoparticles.

Embodiment 19. The composition of embodiment 1, wherein the composition has a
sharp decomposition transition beginning at a temperature of less than 200°C.

Embodiment 20. The composition of embodiment 1, wherein the composition has a

sharp decomposition transition beginning at a temperature of less than 150°C.
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Enbodi nent 19. The conposition of enbodi nent 1, wherein the conposition has
a sharp deconposition transition beginning at a tenperature of |ess than
200C. woO 2Bnisdilteent 20. The conposition of enbodi menPCIT/USMI0/0838M4 t he
conposition has a sharp deconposition transition beginning at a terrperature

of less tha 3 2011/ 057218 US2010/ 055874 nt 21.
The conposi t#8 dame%tf?&\'\aoﬁ%cﬁ@pfﬂwaf 8?1{% ﬂlgnfcﬁ ShY womswng% ®d at
about  2@fred Qf atdlit 2PeSbr Q0P PBT Foudd titAL sﬁb‘ﬁ&&ﬁﬂ[‘&é sitRhaRP Skl oy, of et al
(0). Enbodi ment 22. The conposition of enbodi nent 1, wherein the

conposi tion Emlpqdnmnwml?he@@mpamubeaﬁ embedimsol he«vhereflmthetdo)mp@@mnémher

Enbodi nent 23 odi nrent 1, wherein the conposition
further 08](91‘%?31 astl-%as ?nelrggg GPE %)ﬁgl gﬁgbpi ¢ hydrocarbon sol vent.

Enbodi ment  Z4mbodi@ eI Otictdogipoditios BPedbsEMentll, wittesig kit dogosieish sdttidr on
further conprises at |east one solvent, and the concentration of the
conpl excomprisgsaitcaspenapmatiohydreegbon solvent. Enbhodi nent 25. The conposi tion of

enbodi nent t
Enbodi nment %D%Fﬁegfétghét @g}etcgoY?%&}th%ggb@&lﬁ]tW1 V\%&elr el na({ ﬁgj%m%@h\f&c&rrrpl ex
conpr i sespaised @ st (ﬂfﬂ: sotvcb, ard ele. concentratiGrbdudhic rBMplcR 1s abidve 200 mpasal toron of

enbodi nent 1, wherein the netal conplex conprises at |east 50 wt. % netal .
Enbodi t 28. The conposition of enbodiment 1, wherein the nmetal conpl ex

conpri ses atErh ﬁleXtOZS‘MThé)cg‘éxtp%ltlon of embgcﬂﬁl%gf ere%g theTsja?VeﬁpﬁQﬁs' tion of

enbodi nent 1, erelnthes l'tgand I's a car oxyl ate, and the first
| i gand airexmatiqaltmd]dadmmtwlx&m ne, and the netal is silver, gold, or copper.

Enbodi ment .. The ¢ ition of. e erein the second Iigand
s o car boxyHapeeFet | FsicoibgSiat PLoabHBytEheHEE HEyTHEl KHGAr am e,

t he met@lnprSesdtldgr 29wt 9Phetal.and wherein the solvent is tol uene.

Enbodi nent 31. A conposition conprising a conplex conprising a coinage

metal , a carlbokgdiacet 37 gdedompesitiveof embetioehi bpthenan tegastdl complex

Enbodl nent 32. Ltion, conprising a tetrahydrothi ophene gol d
car box yqog{péls% r%cfagp SPRTbs QL.

Embodiment 28. The composition of embodiment 1, wherein the metal complex
comprises at least 70 wt.% metal.

Embodiment 29. The composition of embodiment 1, wherein the second ligand is a
carboxylate, and the first ligand is a polydentate amine, and the metal is silver, gold, or
copper.

Embodiment 30. The composition of embodiment 1, wherein the second ligand is a
carboxylate, the first ligand is a polydentate unsymmetrical amine, the metal is silver or gold,
and wherein the solvent is toluene.

Embodiment 31. A composition comprising a complex comprising a coinage metal, a
carboxylate ligand, and tetrahydrothiophene ligand.

Embodiment 32. A composition comprising a tetrahydrothiophene gold carboxylate
complex.

Embodiment 33. A composition comprising a tetrahydrothiophene gold isobutyrate
complex.

Embodiment 34. A composition comprising a tetrahydrothiophene gold cyclopropate
complex.

Embodiment 35. A composition comprising a tetrahydrothiophene gold complex,

wherein said complex is transformed into metallic gold and volatile non-metallic material
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Enbodi ment 33. A conposition conprising a tetrahydrothi ophene gold

i sobutyrate conpl ex. Enbodi nent 34. A conposition conprising a

t et r ahydrwoOhoopise218 gol d cycl opropat e conpl ex. Empoaiusee/03B74 A
conposition conprising a tetrahydrothi ophene gold conpl ex, wherein said
conplex is transforned into netallic gold and volatile non-netallic

mat er i AIPOBEHHEATPYY 18PCT/ US2010/ 055874 upon heating above about 90C.
Enbodi ngpg 36. A conposition conprising a conplex conprising a coi nage
nmetal, a carboxylate |ligand, and an unsymmetrical bidentate am ne, said

am ne bear i rigmbodinditte}thyd somposition @miputhingentongiicx oropmpast teiagccoetpk ksi ng a

N, N-di et hyl e l. enedi am ne gold, ca xyl ate .conpl.ex.. . odi t 38. A
Conpos S LETERG: e e s AR u ] PR el SRR haarins S e pIF R
conpl ex. Emmdbdenent3d. AccapRaSir ¢oapriseiyy NON-ag:tigottHyleasiimxegow t h

car boxyl ate and am ne. Enbodi nent 40. A conposition conprising a

N, N- di eeripxalars osies-am ne gol d cycl opropate conpl ex. Enbodi ment 41.
A conposi ti r4Sigh e E hy.eqnadiam - | ex, wherein
ai d compl e TERERCHDth S G R R b i GRIB B 2T C
mat er i dkobupaacheapiorg above about 90C. Enbodi ment 42. A conposition
conprising a N, N-di et hyl et hyenedi am ne_ sil ver carboxyl ate conpl ex.

Enbodi ment 430 9&11@8%&%#} FORPRBIRIY SR ng ?qkmm%l@h w&thygﬁe%wlatﬁiaﬁé si | ver
i sobut yy.ahe conpl ex.

Embodiment 40. A composition comprising a N,N-diethylethylenediamine gold
cyclopropate complex.

Embodiment 41. A composition comprising a N,N-diethylethyenediamine gold
complex, wherein said complex is transformed into metallic gold and volatile non-metallic
material upon heating above about 90°C.

Embodiment 42. A composition comprising a N,N-diethylethyenediamine silver
carboxylate complex.

Embodiment 43. A composition comprising a N,N-diethylethyenediamine silver
isobutyrate complex.

Embodiment 44. A composition comprising a N,N-diethylethyenediamine silver
isopropate complex.

Embodiment 45. A composition comprising a N,N-diethylethyenediamine silver
complex, wherein said complex is transformed into metallic silver and volatile non-metallic
material upon heating above about 190 °C.

Embodiment 46. A composition comprising a complex comprising a coinage metal, a
carboxylate, and a tridentate amine, said amine bearing N,N,N’,N’,N’’-pentamethyls.

Embodiment 47. A composition comprising a N,N,N’,N’,N"’-
pentamethyldiethylenetriamine silver carboxylate complex.

Embodiment 48. A composition comprising a N,N,N’,N’,N"’-
pentamethyldiethylenetriamine silver isobutyrate complex.

Embodiment 49. A composition comprising a N,N,N’,N’,N"’-
pentamethyldiethylenetriamine silver complex, wherein said complex is transformed into

metallic silver and volatile non-metallic material upon heating above about 90°C.
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Enbodi nent 44. A conposition conprising a N, N-diethyl et hyenedi am ne sil ver
i soprop ate conpl ex. Enbodi nent 45. A conposition conprising a

N, N- di et Wwbebhiysmadi am ne sil ver conpl ex, wherein said ©OFAISex0i085874
transforned into netallic silver and volatile non-netallic material upon

heati ng aboy bout 0 C. Enbodi nent 46. A conposition canprising.

Compl ex conprMEHRECH Woi/hSHADHRICH Compristiah Qe de o g EHMIURCATE am ne,
sai d amjagenpgaring NN, N, N, N'-pentanethyls. Enbodiment 47. A conposition
conprising a NN, N ,N ,N- pentanethyldiethylenetriamne silver carboxyl ate
conpl ex. Emb@vinonfi ek ca@posttiaroenparyisingotepparmdiagiidentate NchifRbasy | N -

pent amélt hyl, di et hyl enetriam ne silver isobutyrate conpl ex. Enbodi nent
49. A ﬁ?ﬁ%‘si tion conprising a NN, N ,N ,N'- pentanethyldiethyl enetriam ne

silver conplExbodMierteI2N A abdpeiat emprisidg ansformed into netallic silver
and volatile non-netallic materi al upon heati ng above about 90C. 36 WD

2011/ 05 NERECH204 01 W6 48ACHCOCHghodi nent 50. A conposi tion conpri sing

a coi nage trj e Schiff.. i - i . A
conpositi oﬁ%ﬁ%@?&%& ' cj%)g%gb&gtﬁodl gomgﬂrrlisggaf g%@%@ﬁ@??@@é@&?ﬂ%ﬁ? .

Enbodi maEdénts? Schifitionsp tigartd, mheetmipid sormpleCi thtis far2CHADCHR) {10 EdpprCaOCHS) .
Embodi ment. 53. A conposition conprising a conplex conprising copper and a
tri dentVéPtl%11%8‘?ﬁ'¥qetaglé€s]@a‘lefléla}ﬁl???\ﬁ/ht€}ge4h?V§éb?iltgﬁrfﬁl ex is transformed into

metallic c om%gagnwﬂ', A Ik B Tic O%%' dohfpolibf ﬁ&ﬁrdiﬂgﬁperﬂﬁé’&iﬂaﬂtg aliose about

90C. Enbodi nent 54. An iIn rising a conposfrtion according to
enbodi mptibsalB1fubtBer aypifiroma dolwvehur t her conpri si ng sol vent. Enbodi nent

ompri Ses. 5 THERHERR-Dh AR g ErIOR I S Bk 8 P DB g o
conductih¥ 8omBtiRls afcblpoiroh 8t & crhbd bR i1 D, 8@d Frolifiing a conductive
metal film by heating or irradiating said ink.

Embodiment 56. The method of embodiment 55, wherein the depositing is carried
out by inkjet deposition.

Embodiment 57. The method of embodiment 55, wherein the producing is carried out
by heating at a temperature of about 250°C or less.

Embodiment 58. An article comprising a conductive metal film produced according
to the methods of embodiments 55-57.

Embodiment 59. A method comprising: reacting tetrahydrothiophene gold chloride
with a silver carboxylate to produce a tetrahydrothiophene gold carboxylate and silver
chloride.

Embodiment 60. A method comprising: reacting a tetrahydrothiophene gold
carboxylate with a diamine to produce a diamine gold carboxylate complex.

Embodiment 61. A method comprising: reacting a silver carboxylate with an
unsymmetrical bidentate amine to produce an amine silver carboxylate complex.

Embodiment 62. A method comprising: reacting a silver carboxylate with a
tridentate amine to produce an amine silver carboxylate complex.

Embodiment 63. A method comprising: reacting a copper methoxide with a
tridentate Schiff base to produce a complex comprising copper and said tridentate Schiff
base.

Embodiment 64. A composition comprising a complex produced according to the

methods of embodiments 59-63.
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Enbodi nent 56. The nethod of enbodi nent 55, wherein the depositing is
carried out by inkjet deposition. Enbodi nent 57. The net hod of
enbodi merw02811/068ei n t he producing is carried out by RERAUSAYIMAESSA4
tenperature of about 2500 or |ess. Enbodi ment 58. An article

i Si t t | il duced di h t hods of
enbodi ment s a0 657 A ESbon RS Ie ROt ORI COmIG: BTy

t et r ahydispbid phengl gatd: & H’gdnﬁlﬁ Wik din @t Bhdt\6aE f%ﬂl@%is%h%nﬁﬁo 9% uce a
t et r ahydr ot hi ophene gol d carboxylate and silver chlorid nbodi ment
60. A reatlhbttagempsteinddiganddificrang frant e ﬁaﬁydn@tlhlaapf@melagaowdie@ar thoxyl at e

Enbod it BETR heoRBH Eanpheal s Canf iR R RUE A& e with an

unsynn&bhm&&hsatQansguaeanlne to produce an am ne silver carboxyl ate

conpl ex. Enbodi ment 62. A method_ conpri sing: reactlnF a silver

car boxyl at e EinbegimentGod eh camposainmeonyisyreo irast eie nemirplemetl ¢asnplear boxyl at e
conpl e n C

et hox:(c l’an‘IS a'?[%&?tlddéf%%ﬁ‘ét%lfiﬁ a éﬁ ??ﬁgg}gg&fdﬁp&dtg %g at fegﬁct&/b l%xl?ds %Qt%gnl ng
copper aalltds&ﬁledirttr ligdad it ecubahsifia klase:. to the metaEﬁﬂIDﬂjli’fﬁﬂbs fgon Mkaﬁﬁ)@ﬂﬁSl tion

conprising a npl ex produced according to the methods of enbodl nts
59- 63. @qtamﬂg@%ﬂow?@m@w 8@2@1@)‘)&’%@ least ongsgoaf FRigNicgERaNA gfgeﬁﬁaa tion

COMPI i St (! il Efich QNG VORiRl cCOBRIEHIEATPHIcR 06m gfexltga%&n&?auf%&éwand at
| east two |1 gands, wherein at ast one first Is an amno |1gand,
and at HS@%@,twlmneanal ¢orgpiazdlschohfomfmmtsoi\renmu25éCfl rst which is a
carboxyl ate, wherein the netal conplex is soluble in a solvent at 25C, and
wherein the content of nmetal in the conplex is at least 50 wt.%

Enbodi ment 66. A conposition conprising at |east one neutral netal conplex
conprising at least one netal ina (1) or (Il) oxidation state, and at

| east two |igands, wherein at |east one first ligand is a neutral sigma
donor to the netal and volatilizes upon heating the netal conplex to a
tenperature bel ow 150C, and at | east one second anionic |ligand different
fromthe first which also volatilizes upon heating the netal conplex to a
t enperature bel ow 150C, wherein the nmetal conplex is soluble in a sol vent
at 25C. 38 WD 2011/ 057218PCT/ US2010/ 055874
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WHAT IS CLAIMED IS: 1. A conposition conprising at | east one netal conpl ex
conprising at |east one netal and at |east two |igands, wherein at | east
one firstwDi2gad7i18 a si gna donor to the netal and vol aPCTiuses00f58M4 heat | ng
the metal conplex, and at |east one second ligand different fromthe first
whi ch al so volatilizes upon heating the netal conplex, wherein the netal
conplex is soluble in a solvent at 25C. 2. The conposition of claim1,

wher ei nywiher netah s sid:-ver, gold, copper, platinum or ruthenium 3. The
conposition of claim1, wherein the netal conplex conprises only one netal
center. 4. The conposition of cIa|n11 wherein the netal is in an

oxi dati.on, state 03|t|on of in the
Frrst i garampSifoncoberdindds ofmePeRRScrbmitad i EToR el L

wher ei Nedsbevd ligids | Wigaeid at Eea@t dak degttighed Isiaga@da donbr td bR rﬁ&ﬁ,ﬂpﬁlﬂl t I on of
claim1l, wherein the first gand is a tridentate |igand.

conpos i ol ashizeF uRandicaiing th\%’éqt@allcﬁnﬁ)ﬁ‘é‘ g aftlegst ppgmypoprd lagang rﬁlﬁﬁ@e@cfmmdm

conpri h 0, I erein
Cho ti %@&Vﬁtch E@S‘%lahl’{%smg%ﬁ%@%‘t{hg th?me?él ‘801%@1%9 @hérg%’}hé)&e&l %rﬁbl%%( ﬁ\"’“eas o
n|trogenhbk&@aéﬁhencamﬁ&S|t|on of claim 1, mhereln t he flrst Ilgand is an
amne. 11. The conposition of claim1l, wherein the first ligand is a
sulfur-containing ligand. 12. The conposition of claim1, wherein the
first doRioP el 1Re mbg id, et it by Wherein

t he flrst Iléhﬁ)gﬁ% go? a ph\():)vgi%e}nneen;E Hﬁﬁgg %hﬁ%gagﬁdﬁﬁo?hCIéfn1l

wher ei rmruthieeiusecond | i gand is a carboxyl ate.

3. The composition of claim 1, wherein the metal complex comprises only one metal center.
4. The composition of claim 1, wherein the metal is in an oxidation state of (I) or (II).

5. The composition of claim 1, wherein the first ligand is a monodentate ligand.

>

The composition of claim 1, wherein the first ligand is a bidentate ligand.

7. The composition of claim 1, wherein the first ligand is a tridentate ligand.

8. The composition of claim 1, wherein the first ligand is an amine compound comprising at

least two nitrogen.

9. The composition of claim 1, wherein the first ligand is an unsymmetrical amine compound

comprising at least two nitrogen.

10. The composition of claim 1, wherein the first ligand is an amine.

11. The composition of claim 1, wherein the first ligand is a sulfur-containing ligand.

12. The composition of claim 1, wherein the first ligand is a thioether.
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15. The conposition of claim1l1l, wherein the second ligand is a carboxyl ate
conprising an al kyl group. 16. The conposition of claim1, wherein the
second | iyanrdives7ascar boxyl ate represented by 00C R, whe@c@ius2|0i0s58ahn al kyl
group, wherein R has 5 or fewer carbon atons. 17. The conposition of claim

1, wherein.the conposition is substantially free of nanoparticles. 18. The
Sommnel Bt CHeaPTERRTAT o Sl o R ReAC Bra e SRS SPMBPANRy 1 ce of

nanoparticles. 19. The conposition of claim1, wherein the conposition has
a sharp deconposition transition beginning at a tenperature of |ess than
200C. 120.Thprvemposipios pf ¢lom of whdrainthd ge higind is heaboxpesi t i on has a sharp
deconposition transition beginning at a tenperature of | ess than 150C.  21.
The conposition of claim1l, wherein the conposition can be stored at about

25C f or1satTHeaRdgipodion BOHEEN W Wheatin thulhebadtibald ideRre®bkyler dmpieinglan(0) .
22. The conposition of claim1l, wherein the conposition further conprises
at | eastkdgE0Wol vent for the conplex. 23. The conposition of claim 1,
wherein the conposition further conprises at |east one aromatic hydrocarbon
solvent. 24. The conposition of claim1, wherein the conmposition further
conpr i slés Tic doapatitiomef slainy enbheraindhé hiwondigardtis acibbxghtetrb@eoanngltgx i s
about 200 /L or |ess. 2?. The conposition of claim1, wherein the

sol ventOP§-Bnvhgreirdt 1senmika geoappyhcs K 8at > oytgwepggrbon atoms.

2011/ 057218PCT/ US2010/ 055874 26. The conposition of claim1l, wherein the
metal conpl ex conprises at least 25 wt.% nmetal. 27. The conposition of

cl ai m 1,7. Wiherceimposihen nétlaim ¢ owidre thoopmpesgnas sitststialbpfret oo netal . 28.

The conpositj.gn of claim1, wherein the netal conplex conprises at |east 70
ut . 9% raPRpparticles w w

18. The composition of claim 1, wherein the composition is totally free of nanoparticles.

19. The composition of claim 1, wherein the composition has a sharp decomposition

transition beginning at a temperature of less than 200°C.

20. The composition of claim 1, wherein the composition has a sharp decomposition

transition beginning at a temperature of less than 150°C.

21. The composition of claim 1, wherein the composition can be stored at about 25°C for at

least 100 hours without substantial deposition of metal (0).

22. The composition of claim 1, wherein the composition further comprises at least one

solvent for the complex.

23. The composition of claim 1, wherein the composition further comprises at least one

aromatic hydrocarbon solvent.

24. The composition of claim 1, wherein the composition further comprises at least one

solvent, and the concentration of the complex is about 200 mg/mL or less.

25. The composition of claim 1, wherein the solvent is an aromatic hydrocarbon solvent.
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29. The conposition of claim1l, wherein the second |ligand is a carboxyl ate,
and the first ligand is a polydentate am ne, and the netal is silver, gold,
or copperwo 280/05TH8 conposition of claim1l, wherein thePsgaspeolosigand is a
carboxylate, the first ligand is a polydentate unsynmetrical am ne, the
metal is silver or gold, and wherein the solvent is toluene or a xylene.
31. A conposition conprising at |east one netal conplex conprising at | east
one netg m%aipokﬁaﬁbfélmhugﬁ&@ﬁ th&VRRTE tomplex ER! ?ﬁsé@%@lefabtrz%twﬂ d,gand is a
sul fur-containing |Iigand, and | east one second l[igand different fromthe
first whéteh, optionally, is a carboxylate, wherein the netal conplex is
soluble in a solvent at 25C. 32. The conposition of claim 31, wherein the
content of metal in the conplex is at least 50 wt.% and the conposition is
subst arg7. afteeo fp@gn@ﬁ ohalBRPAS Whét@the m3R cdhiplct @BMPHidsia® RkaGf500kHom 31,
wherein the sulfur-containing ligand is a cyclic or |inear thioether
Ilgandﬁnﬁﬂh. The conposition of claim31l, wherein the sul fur containing
ligand is a cyclic thioether. 35. The conposition of claim 31, wherein the
sul fur-containing ligand is a dial kylthioether. 36. The conposition of
cl ai m 3B, Tieovaipositibe o clhinui - whdtiaithé mgtal c@apldx icomprishistahloast Wame’o 41 37.
The conposjtion of claim31l, wherein the sulfur-containing ligand is a
di t hi odtéle. 38. The conposition of claim 31, wherein the
sul fur-containing Iigand conprises one or two sulfur atons. 39. The
conposition of claim 31, wherein the sulfur-containing ligand is a
bi dent &% Th'egzanqbositidﬁ) of dlhen (tpmmsintthmncoﬁd bgaidns 3 tarbakgate] and the first
sul fur-cont ai ni and.has rbon or ss. 41. A conposition
compr 1 g i MRk ER B 1T B T Bt AT sast ot et al and at
| east two |igands, wherein at Ieast one first ligand is an am no |igand,
and at | east one second ligand different fromthe first which, optionally,
| s a ca?rObdFWIcan@OSIWh@péﬁlnlm hewm@mlth@mnfékgmi ig alcarbprylpte, ﬂaefmt\l@ﬁnd #wt 25C.
|t|on of ¢l
compl o IVBRH & Bmie Gyl e Tt oy R AU wBrs PRSItk Ry S Fee o
nanopanbh@ﬁ@ﬁraxﬂﬁmgThe conposition of claim4l, wherein the second | i gand
is a carboxyl ate.

31. A composition comprising at least one metal complex comprising at least one metal and
at least two ligands, wherein at least one first ligand is a sulfur-containing ligand, and at least
one second ligand different from the first which, optionally, is a carboxylate, wherein the

metal complex is soluble in a solvent at 25°C.

32. The composition of claim 31, wherein the content of metal in the complex is at least 50

wt.%, and the composition is substantially free of nanoparticles.

33. The composition of claim 31, wherein the sulfur-containing ligand is a cyclic or linear

thioether ligand.
34. The composition of claim 31, wherein the sulfur containing ligand is a cyclic thioether.
35. The composition of claim 31, wherein the sulfur-containing ligand is a dialkylthioether.

36. The composition of claim 31, wherein the sulfur-containing ligand is a dithiaalkane.
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44. The conposition of claim4l, wherein the netal is silver, gold, copper,
pl ati num or ruthenium 45. The conposition of claim4l, wherein the netal
conpl ex cwOPRPiI1ES%218nly one netal center. 46. The conpo®CTiusR010/55874ai m 41,
wherein the netal is in an oxidation state of (1) or (I1). 47. The

conposi ti of clai.m4l, wherein the first ligand is a.nonodentate |igand.
28 The Tt GeMPPIHOB AT Hplh - aYherh it G g g iSOGt dent ar 6
ligand. 49. The conposition of claim4l, wherein the first ligand is a
tridentate Iigand. 42 50. The conposition of claim4l, wherein the first

| i gand 38 Te comppsitren of daim 3 hi witer¢in glamsil tioeprthiginggigand cemptisgsvone of twogen.
51. A COEBO%ition conprising at |east one neutral netal conplex conprising
at | east"'ShE€°Mtal in a (I') or (Il) oxidation state, and at |east two

| i gands, wherein at |east one first ligand is a neutral signma donor to the
nmetal and volatilizes upon heating the netal conplex to a tenperature bel ow
150C, a¥¥d T coewesitionef dawpA vharanithe ul yasentainiredieand i ¢ bidentale ligapdt whi ch
al so volatilizes upon heating the netal conplex to a tenperature bel ow
150C, wherein, optionally, the metal conplex is soluble in a solvent at
25C. 5. THeeoapopash bf cBindB1,ohladrem e sutfaecentaininpelidand $its ik gaidbdns 6r a

sul fur-containing ligand. 53. The conposition of claimb51, wherein the
first ﬂFﬁand i s tetrahydrothi ophene. 54. The conposition of claimb51
wherein the first ligand is a thioether. 55. The conposition of claimb51,
wherein the first ligand conprises at |least two sulfurs. 56. The
conposi4li. oh cahpadimimedsnipriswipent ddast edeenétal @implexgamprivase #iloasbond meel arclar bon
at ons. 7. The.conposition of cla.mbl, wherein the first |igand has four
o °F el TS B TG T et e Se b BEARON Sb Ao S e S it o 1 1ot
l'i gand JRashdtWand diff @R bR s ALK, -optionally, is a carboxylate, wherein the metal

complex is soluble in a solvent at 25°C.

42. The composition of claim 41, wherein the content of metal in the complex is at least 50

wt.%, and the composition is substantially free of nanoparticles.
43. The composition of claim 41, wherein the second ligand is a carboxylate.

44. The composition of claim 41, wherein the metal is silver, gold, copper, platinum, or

ruthenium.

45. The composition of claim 41, wherein the metal complex comprises only one metal

center.

46. The composition of claim 41, wherein the metal is in an oxidation state of (I) or (I).
47. The composition of claim 41, wherein the first ligand is a monodentate ligand.

48. The composition of claim 41, wherein the first ligand is a bidentate ligand.

49. The composition of claim 41, wherein the first ligand is a tridentate ligand.
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59. The conposition of claim51, wherein the first ligand second ligand is
a carboxylate. 60. The conposition of claimb51l, wherein the nunber of
carbon atwoRo0iwnst1e8 conplex is twelve or less. 61. A mECRAS2¢0/0pIST$SI Ng:
depositing an ink on a surface, wherein the ink conprises a conposition

according.to clains 1-60,. a roduci n .conductive netal film eating
o Pt 1 ol A SGrBAHOR AR i e B At BT A UOTDRT Ty [HE et hod
of cl aidgmblisinphel@inwbgrffcaduci ng step is carried out by heating. 63. The
met hod of claim 61, wherein the producing step is carried out by

irradiating. 64. The nethod of claim6l1l, wherein the ink conprises a
conpositiopn according to.claiml1. 65. The nmethod of claim®6l, erein the
k- corigr 128 EETEOSAEef a&é%asfr%nenngeuﬁ'} B e e ROt ol af m
61, wheh&hlnntal(®) drifk) 6 QRS Ste FandIRASH thioQTafds; Whdicigatt|8ase bid fitséfigarfl?. The
met hod of claim61l, wherein the ink conprises a conposition according to

cl ai m 512 ng@ral sigmaganrp e Be metadjapd salatilizes uppn hedtime e metal sogpley to &j | ver, or

of " nandgpeauf QGG IIOL. Fhd BLBHTR scc LR D Btk FURERRIRC oY i 1
t he i nkvhish slybsoatititalupyn heegahe matbdpanplce kes taijcestudepust 15050,

wherein, optionally, the metal complex is soluble in a solvent at 25°C.

52. The composition of claim 51, wherein the first ligand is a sulfur-containing ligand.

53. The composition of claim 51, wherein the first ligand is tetrahydrothiophene.

54. The composition of claim 51, wherein the first ligand is a thioether.

55. The composition of claim 51, wherein the first ligand comprises at least two sulfurs.

56. The composition of claim 51, wherein the first ligand has six or fewer carbon atoms.

57. The composition of claim 51, wherein the first ligand has four or fewer carbon atoms.

58. The composition of claim 51, wherein the first ligand has two or fewer carbon atoms.

59. The composition of claim 51, wherein the first ligand second ligand is a carboxylate.

60. The composition of claim 51, wherein the number of carbon atoms in the complex is

twelve or less.

61. A method comprising:
depositing an ink on a surface, wherein the ink comprises a composition according to
claims 1-60, and

producing a conductive metal film by heating or irradiating said ink.
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71. The nethod of claim6l, wherein the depositing is carried out by inkjet
deposition. 72. The nethod of claim®6l, wherein the producing is carried
out by hexOi2ot/@r218 t enperat ure of about 250C or | ess. PZ3USThHO/OMSTHod of
claim6l, wherein the producing is carried out by heating at a tenperature

of abou 0C o ess.. 4. The thod of claim®6l, wherein the producin
L e e Tehod fadaim &l antie MR dhceto s Mytion obobtRetlingnes ™ *9ac THe

nmet hod of claim6l, wherein the filmis in the formof a line, and the |ine
has a conductivity of at least 1,000 S/cm 44 WO

2011/ 0532 ﬂéwmetm&mﬂaiasﬁlsmereiﬁthemedmm sfcasiediont By irradfegingi n the film
isinthe formof a line, and the |ine has a conductivity of at |east 5,000
S/icm 77. The nethod of claim6l, wherein the filmis in the formof a

l'ine, agad THeendtheLoh@sinB6 Cavidtgh thel il céthpades la@afipodiBoR) 8 oflif o cldiga 1.The
net hod of claim6l, wherein the filmis in the formof aline, and the |ine

has a work function which is within 25 percent of the work function of the
pure | T . i el i {:S. | . or m of
B ¥ e %5 pefctnod BECHTEL 6 Suflif R ok Bdmoit S SbMob{ip bodBidifg P L2 0 0
wor k function of the pure netal. 80. The nethod of claim61l, wherein the
filmis in the fo f.a line, .and the line has a work function which is

wi t hi n - gdiedrst o%é‘% ‘ﬁ‘ﬁ@l %wﬂ*ef% i 1B CORPTTSS 25QPPONEPH ACCORINE 10 Gaithbly
conprising: depositing an ink on a surface to forma deposit, converting
the deposit to a netal film wherein the netal filmshows a work function
whi ch 6. Wiichmeth@bofpadaioeht, wdferdiméheviok korhpmess ia@ompbsitibe agnordnget dhim 5B2. The
nmet hod of claim 81, wherein the deposit is heated. 83. The nmethod of claim
81, wherein the deposit is irradiated.

68. The method of claim 61, wherein the metal is gold, silver, or copper.

69. The method of claim 61, wherein the ink is substantially free of nanoparticles before

deposition.

70. The method of claim 61, wherein the ink is substantially free of nanoparticles after

deposition.
71. The method of claim 61, wherein the depositing is carried out by inkjet deposition.

72. The method of claim 61, wherein the producing is carried out by heating at a temperature

of about 250°C or less.

73. The method of claim 61, wherein the producing is carried out by heating at a temperature

of about 200°C or less.

74. The method of claim 61, wherein the producing is carried out by heating at a temperature

of about 150°C or less.

75. The method of claim 61, wherein the film is in the form of a line, and the line has a

conductivity of at least 1,000 S/cm.

44
WASH_7465156.1



84. The nethod of claim8l, wherein the ink conprises a conposition
according to clains 1- 60. 85. The nethod of claim8l, wherein the ink
conpri sesw@200ms5ea8t i on according to claiml. 86. The merhiseo10fs53874i m 81,
wherein the ink conprises a conposition according to claim31. 87. The

met hod ai V\/ner n t he ink.conpri osi tion.according to
et m b s efhal e HBLE b ol e MRS R HG AT ALY Nk S04 iedes 4
conp05|goh@l§bt§,g§gmg1@&tt5q)ogI%rﬁ1 51. 45 89. The nmethod of claim 81, wherein
the netal is gold, | ver, or copper. 90. The nethod of claim 81, wherein

the ink is substantl aI ly free of nanoparti cI es bef ore deposi tion. 91. The
nmet hod | ai m 8 1N the ink.is. su i ngparticl es
o tor ddpadtahdhod o REkEL Nich G iy 3 R B bRLe R g s

carri ed;oﬁaﬁctfsmyloﬂm ledstdeposistdnon.  93. The rret hod of claim 81, wherein the

converting is carried out by heating at a tenperature of about 250C or
| ess. 94. The nethod of claim81l, wherein the converting is carried out by

heati NGeatrid rh H&F&%léi 6f)fwh%pe(?ﬁ|¥hezf981 s ETE th{%ggﬁne 8{ ? ﬁrée,gpg tl{EqM%q{!Ls 91 0(H< ai m

81, wheréin the con I's carrie erature of
about Jiﬁﬁ)@omrwﬁlelss.wnkﬁﬁ25“§bﬁemﬁtfhhmlwofk fuhetion &lhe pdne medtal. the f| Imis in the
formof aline, and the line has a conductivity of at least 1,000 S/cm
97. The nethod of claim81l, wherein the filmis in the formof a line, and

the li ngy. hﬁr% rﬁetﬁ&ﬂquﬁfnhlv?f Xylf%{relfﬂhel fﬁf‘hslrs 115thgqgrn$6f3mlne %ﬁd tﬁglﬁlerlﬁts Qgﬁrf?f

claim81l, wherein the filmis in f or m of [ ne, and i ne has a
conduc tfumttcm vdficlats wiglas t10 Zp@I;OGﬁ)t(bfﬂl@WDrk function of the pure rnetal.

80. The method of claim 61, wherein the film is in the form of a line, and the line has a work

function which is within 5 percent of the work function of the pure metal.
81. A method comprising:

depositing an ink on a surface to form a deposit, converting the deposit to a metal
film, wherein the metal film shows a work function which is within 25 percent of the work
function of the pure metal.
82. The method of claim 81, wherein the deposit is heated.

83. The method of claim 81, wherein the deposit is irradiated.

84. The method of claim 81, wherein the ink comprises a composition according to claims 1-

60.

85. The method of claim 81, wherein the ink comprises a composition according to claim 1.
86. The method of claim 81, wherein the ink comprises a composition according to claim 31.
87. The method of claim 81, wherein the ink comprises a composition according to claim 41.

88. The method of claim 81, wherein the ink comprises a composition according to claim 51.
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99. The nethod of claim81l, wherein the filmis in the formof a line,
wherein the netal filmshows a work function which is within 10 percent of
t he wor k wonetivesmief the pure netal. 100. The net hod ofPCElts2on®iss7wher ei n
the filmis in the formof a line, wherein the nmetal film shows a work
function which is within 5 percent of the work function of the pure netal.
46 WO 2011/ 057218PCT/ US2010/ 055874 101. A conposition conprising at |east

one net@l ORMNEN SOTRK $1, Mehedin HRAALa08 goRESiBler Adopter! €ast two | gands,
wherein at |east one first ligand is a sigma donor to the netal and

vol atilizes upon heating the netal conplex, and at |east one second |igand

corpl e SEGTahLOT TR EERGERT LMok 5B SR R R G Y1) 2 100

wher ei nicpbgtidd.r st Iigand and the second |igand are the sanme |igand. 103.
The conposition of claim 101, wherein the first ligand and the second
ligand are different |igands. 104. The conposition of claim 101, wherein

t .he matﬁl. Th%rﬁé%ﬂ&? f(ilaiilnogl', v&;ﬂ%?eiﬁ ﬁ{%ﬂﬁﬁ .ﬁstsiuﬁgjtaﬁ)[{all lf?e{eﬁf :}19 pa %sea{.f{%rt he first

| i gand ‘conprises at least 'one nitrogen atom and at 1eas WO oxygen at ons.
106. Thizpegtiposi tion of claim 101, wherein the first |ligand and the second
| igand are the sane |ligand, and wherein the first ligand conprises at |east

one nitrogen atom and at |east two oxygen atons. 107. The conposition of

clai m WL sl doft dind %f : %&hehiin_g %Qigﬁgﬁtiﬁé]ﬁ cﬁﬁfe%%lt b 8ARd dep&iddie same

| i gand, and wherein the first Iigand conprises at |east one nitrogen atom
and at | east two oxygen atons, as well as at |east one fluorine. 108. The

conposi . of claim 101 erein the first ligand is. . a tridentate |igand.
oo Tt dhegeefed a8, At e Secrhng b BT igfiiedho & tri dontat e
Schi ff iBag&atir@endbout 19PC of@sconposi tion of claim 101, wherein the first
| i gand conprises at | east one secondary am ne group, at |east one carbonyl

group, and at |east one ether group. 47 WO 2011/ 057218PCT/ US2010/ 055874

94. The method of claim 81, wherein the converting is carried out by heating at a

temperature of about 200°C or less.

95. The method of claim 81, wherein the converting is carried out by heating at a

temperature of about 150°C or less.

96. The method of claim &1, wherein the film is in the form of a line, and the line has a

conductivity of at least 1,000 S/cm.

97. The method of claim &1, wherein the film is in the form of a line, and the line has a

conductivity of at least 5,000 S/cm.

98. The method of claim &1, wherein the film is in the form of a line, and the line has a

conductivity of at least 10,000 S/cm.

99. The method of claim &1, wherein the film is in the form of a line, wherein the metal film

shows a work function which is within 10 percent of the work function of the pure metal.

100. The method of claim 81, wherein the film is in the form of a line, wherein the metal

film shows a work function which is within 5 percent of the work function of the pure metal.
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111. A conposition conprising at |east one netal conplex conprising at

| east one netal and at | east two |igands, wherein at |east one first |igand
is a sigmeogonas7iie the nmetal and vol atilizes upon heat iPQE/USR@E 0081834
conplex to a tenperature of about 250C or less, and at |east one second

| i gand, which is optionally different fromthe first, which also

vol atilizes upon heating the netal conplex to a tenperature of about 250C
or | essyo1. WompdifionQoRGHsineQ 1@kt dledhdllebinpl M @ngirRiddhR 138 (e RQARI@AX i S
heated to a tenperature of £50C or | ess. ‘1f§: The conposition of claim
111, wetabtriwoHezands, athcreompt lesst pse St Ligind iaw sRBE. donpl . th¥stad enghosi ti on of

claim11ll..wherein the co ition upo eatin r ovi. de .etal with a
vork 1 SRR R e GRARTR o BENe TER! RS BARERTTRS he pure
metal . volaBizeshi®naRENOSihk inWlaldbmple, Whiikin thahehAicombiR ig SsTRBIS i b GFlveRON
heati ng provides a nmetal conposition having a conductivity of at |east
1,000 3temC. 116. A nethod conpri sing: depositing an ink on a surface
to forma deposit, converting the deposit to a netal film wherein the
metal filmshows a conductivity of at least 1,000 S/cm 117. The nethod of
cl ai m 1108, ThbevmipositieoLdmeuodl, whcyein thedlrst 1@asd and MIGc&ndriigand 48.thd he

nmet hod of c¢Jaim 116, wherein the conductivity is at |east 10,000 S/cm

119. TH%HWQEWWH of claim 116, wherein the converting is carried out by
heating at a tenperature of about 200C or |less. 120. The nethod of claim
116, wherein the converting is carried out by heating at a tenperature of
about 1%0CTde cbmpssitiorldficlaitn t@npdsidn te fosrpand andthatse¢amddigandereet al

conpl ex,.consj st i g essentially of at |east one netal and at |east two

| i gand lﬁgﬁﬁgﬁypg'the metal, wherein at least one first ligand is a neutral
donor to the netal and volatilizes upon heating the netal conplex, and at

| east one 48 second ligand different fromthe first which also volatilizes
upon helddi Agerchampasition ocdaipt EXl, adgraistheeneitliivepgpechar ged. 122, The
conmposition of claim 121, wherein the first Iigand consists essentially of
nitrogen and/or sulfur. 123. The conposition of claim 121, wherein the

second losgamd cempsiitssordsient @ 1ahwhgred the e 1Ay bédprises at least one nitrogen

atom and at least two oxygen atoms.

106. The composition of claim 101, wherein the first ligand and the second ligand are the
same ligand, and wherein the first ligand comprises at least one nitrogen atom and at least
two oxygen atoms.

107. The composition of claim 101, wherein the first ligand and the second ligand are the
same ligand, and wherein the first ligand comprises at least one nitrogen atom and at least
two oxygen atoms, as well as at least one fluorine.

108. The composition of claim 101, wherein the first ligand is a tridentate ligand.

109. The composition of claim 101, wherein the first ligand is a tridentate Schiff base ligand.

110. The composition of claim 101, wherein the first ligand comprises at least one secondary

amine group, at least one carbonyl group, and at least one ether group.
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124. The conposition of claim 121, wherein the conplex is soluble in

tol uene. 125. The conposition of claim 121, wherein the conplex consisting
essent i alwg20fr/ashasnetal , the first |igand, and the sec@®ad/usganessis
neutrally charged. 49

111. A composition comprising at least one metal complex comprising at least one metal and
at least two ligands, wherein at least one first ligand is a sigma donor to the metal and
volatilizes upon heating the metal complex to a temperature of about 250°C or less, and at
least one second ligand, which is optionally different from the first, which also volatilizes

upon heating the metal complex to a temperature of about 250°C or less.

112. The composition of claim 111, wherein the metal complex is heated to a temperature of

150°C or less.

113. The composition of claim 111, wherein the metal complex is soluble at 25°C.

114. The composition of claim 111, wherein the composition upon heating provides a metal

with a work function which is within 25 percent of the work function of the pure metal.

115. The composition of claim 111, wherein the composition upon heating provides a metal

composition having a conductivity of at least 1,000 S/cm.

116. A method comprising:
depositing an ink on a surface to form a deposit, converting the deposit to a metal

film, wherein the metal film shows a conductivity of at least 1,000 S/cm.

117. The method of claim 116, wherein the conductivity is at least 5,000 S/cm.

118. The method of claim 116, wherein the conductivity is at least 10,000 S/cm.

119. The method of claim 116, wherein the converting is carried out by heating at a

temperature of about 200°C or less.

120. The method of claim 116, wherein the converting is carried out by heating at a

temperature of about 150°C or less.

121. A composition comprising at least one metal complex consisting essentially of at least
one metal and at least two ligands bonded to the metal, wherein at least one first ligand is a

neutral donor to the metal and volatilizes upon heating the metal complex, and at least one
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WO 2011/057218 PCT/US2010/055874

second ligand different from the first which also volatilizes upon heating the metal complex

and is negatively charged.

122. The composition of claim 121, wherein the first ligand consists essentially of nitrogen

and/or sulfur.

123. The composition of claim 121, wherein the second ligand consists essentially of a

carboxylate.

124. The composition of claim 121, wherein the complex is soluble in toluene.

125. The composition of claim 121, wherein the complex consisting essentially of the metal,

the first ligand, and the second ligand is neutrally charged.
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