POLYMERI C PRECURSORS FOR CAlI GAS ALUM NUMt CONTAI NI NG PHOTO VOLTAI CS

TECHNI CAL FI ELD 5This invention relates to conpounds and conpositions used
to prepar®O28H/HA#uct or and optoel ectronic materi al s aRETASINIGO4405Nhc] udi ng
thin filmand band gap nmaterials. This invention provides a range of
conpounds, conpositions, materials and nethods directed ultimately toward
phot ovol tai ¢ applications and ot her sem conductor materials, as well as
devi ces and systens for energy conversion, 10 including solar cells. In
particul ar, tRGLYMERN PRECURKSORSFAROCADVAS ADUNMBERNS;ONDAPONG]S and
materials for preparing sem condHTOVOBTAIGSI s 1 ncl udi ng
(Cu,Ag)(In, G, ALl) (S, Se) or CAIGAS materials. BACKGROUND The devel opnent of
phot ovol tai ¢ devi ces such as solar cells is inportant for 15 providing a
renewabl e source of energy and magyiNaCAerFiBsRs. The demand for power is
ever-rising as the human popul ation increases. In many geographi c areas,

solar cells may .he the .onl to nmeet t der r . The total
ener gy féon1so|éﬁnﬁ?éﬁ%m?ﬁ%?%§¥ﬁan(ﬁm %mggyPﬁléo?u%%éoﬁ%§§£is about 4x1020
joules. It hascddenoreat opltliedronitahataivds dnduevieds itdidihg hol fdm aadéagly i s as

much energy as isg#se@¥morl wi de for an 2q§ntired¥ear. ﬁhus, billions of
square net ef® BHETEs i THRYengeh RIOVIdE) ¢ TaRgs 1 CemPRindp SHEPRUETEY .

Phot ovol t ai ga@dak e@Pmah&lsidacdyltimaeBrtbein phbtopsiateppition antiiotlhr | ayers of
sem conduct i ng are cre on a substr L%%ers.of addi ti ona

terial te te.
material s a?eénfpg]gEFt?rd“%?r&?tlSeﬁ%W?l B JSRIGE ARG ISy S @E?ﬁeﬁ%’ Y™ ayers and to

conduct 1@! egthiiBgkol8NRIYYIngahlafihil MecrdRM rdaes tEhYsl ptddesseksef ul ness of an
optoel ectronic or solar cell product is in qeneral Liniaed by the nature
C

and qual i t yCORPOERds 35H Sraiyiglstian ecnagy@egniconductor medprials ineliinag one way to

produce a sghag )@I‘ﬁ!da,@l‘)(@?ﬂéﬁ&r@NK‘B&S’%&eQﬁQOSi ting a thin, |ight-absorbing,
solid |ayer of %he mat eri al copper indiumgalliumdiselenide, known as

"CIGS," on a substrate. A solar cell having a thin filmC GS | ayer can
30provide | ow to noderate efficié%%@Kﬁgp version of sunlight to
electricity. The CIGS | ayer can be nmade by processing at relatively high
t enper at ures sevgiealevelopment of photovoltaic devices such as solar cells is important for

15  providing a renewable source of energy and many other uses. The demand for power
is ever-rising as the human population increases. In many geographic areas, solar
cells may be the only way to meet the demand for power. The total energy from solar
light impinging on the earth for one hour is about 4x10°° joules. It has been estimated
that one hour of total solar energy is as much energy as is used worldwide for an

20  entire year. Thus, billions of square meters of efficient solar cell devices will be
needed.

Photovoltaic devices are made by a variety of processes in which layers of
semiconducting material are created on a substrate. Layers of additional materials are
used to protect the photovoltaic semiconductor layers and to conduct electrical energy

25  out of the device. Thus, the usefulness of an optoelectronic or solar cell product is in
general limited by the nature and quality of the photovoltaic layers.

For example, one way to produce a solar cell product involves depositing a
thin, light-absorbing, solid layer of the material copper indium gallium diselenide,
known as “CIGS,” on a substrate. A solar cell having a thin film CIGS layer can

30  provide low to moderate efficiency for conversion of sunlight to electricity. The

CIGS layer can be made by processing at relatively high temperatures several



el emental sources containing the atons needed for CIGS. In general, CIGS
materials are conpl ex, having nmany possi ble solid phases. The CI GS

el enent alweaurioas23gust be formed or deposited, either i rdiraisdualokspspr as a
m xture, in a thin, uniformlayer on the substrate. For exanple, deposition
of 5the CI GS sources can be done as a co-deposition, or as a nmultistep
deposition. The difficulties with these approaches include |ack of

uni form ty 9mddg sGdr&R bR thSHEGR: AR ¥Er ERE AL 3BGR Ab 1Y hieignt sol id
phases, inperfections in crystalline particles, voids, cracks, and other

def ects i n apeompgehavingmanepaasipl solikhweesmet hods for solar cells are

discl osed in U SyoPa68 R s sof R8s kB Wmed ondBo G, cilferitivighn > 230, 204,
5,981,868, 7,179,677, 7,259,322, U S. Patent Publication No. 2009/0280598,

and PCT | nt@repamnignel inaghin eaforodeyPudi the sibistate. Now exaoGRpS -bn9f and
W200806319 Lanifi t .St he e | ergl. to
preciseﬁi agﬁFﬁ%fggﬁ%$E?ﬂ#ﬁﬁ?@%ﬂ%%?%*?%@?&g*%?R?ﬁé&ﬁ%%ﬁPgﬁﬁbééein t he

| ayers. Mandiffgelticcwnibl thescoapparached sepido &ick of wofvrmitypithe CEES bpgs,aneh hi ghl y

d_ependent Oap t ehae raa};[l icosf gll}f %gtrstoﬁjj r]hamsst ?nll e%t Otlrg% ilnnc tsr‘?aﬁlir{ga ta%c.?eal . Wthout
direct cont¥ol BVEFHIREEE ST 81 ¢ |8n€?r|é3r§f|o§, 6¥oces BEYY make
sem conductwardsatdcks pindeklee tiefens @ thbpsid.al s are often | ess efficient and

| ess successful in achieving desired co siti.ons an roperties. For

exanpl o no. ol dEPETINS FPeuRERy i ok Rare SR aE M BPRRE NS hout

ot her g;mpogmdswnQ?}%Mmg@,di&%@%ap@zw, 89k nyEX 7firasTamhieh 30, GH.mat erihal s of
any arbitrary stoichionetry c e made. Conpounds, or., conpositions that can
ful fill thi'dtgoipdligaion %ﬁé@%@?&m%ewﬂ%@ Tterhatioga féﬂpﬂlﬁaéﬁolq%il‘ﬂf%‘aﬂty is the
need to heatod RO & SvdtWwohbERoct ®gperatures to finish the film This
can cause unwanted defects due to rapid chem cal or physica

25t r ansf or mat i orf Genifigat preblepgs thejinalilite pspeiplUe Beciiely cartidthei nit the nature

of the SUbs&éi@&i@rm&tﬁ@-?aﬁ%?@ftﬁ@m'éﬁtﬁﬂom%:?fth@fé | Qtany {enliconddapl € to make
a

thin filmphotovoltaic yers on a flexible substrate such as a pol yner or

pl ast i cl¥ hatptesdastroeic pritieetipns ptedighly dppndesronghoriesefirgrtanaciahaias | ation on a
bui | di ng or;, it (A1 SWithGhfiRet Bgt'rai%%r tﬁdég%fcﬂ{?g%gmxﬁ&%m%se%%mat' bl e

with the high tenperatures needed to process t Osem conductor | ayers.
Prepari ng tihile stinjoangistor enbdttedlastroniy anaterialy age dficatdishpidiconiontilase i s an

i nport ant r. 1l ng: . ggﬂ eyel opi ng new
generationgﬁﬁ%mgﬁgggég¥% #%%%ﬁggﬁﬁﬁéﬁgﬁﬂ P8§@§$g¥ﬁnt é)éﬁgor | ar ge scal e
manuf act ur i mgleofle Glc@&rindmoweh tinechntbhusedfaldng withoat otbalcdompoens,be di fficul t

becaus &P f rtegcﬁlycprgeepra{irecaallaycg HGSHRER Cié@l r(l)llat\érel'ﬂs otl arrlly arbitrary stoichiometry can
be made. Compounds or compositions that can fulfill this goal have long been
needed.
A further difficulty is the need to heat the substrate to high temperatures to
finish the film. This can cause unwanted defects due to rapid chemical or physical
25  transformation of the layers. High temperatures may also limit the nature of the
substrate that can be used. For example, it is desirable to make thin film photovoltaic
layers on a flexible substrate such as a polymer or plastic that can be formed into a
roll for processing and installation on a building or outdoor structure. Polymer
substrates may not be compatible with the high temperatures needed to process the
30  semiconductor layers. Preparing thin film photovoltaic layers on a flexible substrate
is an important goal for providing renewable solar energy and developing new
generations of electro-optical products.
Moreover, methods for large scale manufacturing of CIGS and related thin

film solar cells can be difficult because of the chemical processes involved. In



general , large scale processes for solar cells are unpredictable because of
the difficulty in controlling nunerous chem cal and physical paraneters

i nvol ved wo 2bowatvasg an absorber |ayer of suitabl e qualiPgTars2@osudst r at e,
as well as formng the other layers required to make an efficient solar
cell and provide electrical conductivity. 5Wat is needed are conpounds,
conposi tions and processes to produce materials for photovoltaic |ayers,
especi al l'y %ﬂbﬁl, fdrddachRYRIcSssdsbr R 3E1sGRd Inprlaivdigbashde 0f S tirRb@guct s.

BRI EF SUMVARY Thi s invention provides a range of conpounds, conpoOsitions,
mat eri al s afgontoierehvensrdus chasiegd and physisalmapartucnvelsedindorranged al s, as wel |
as opt oel ecfik GRiqa ey Gt IeRhRNMH PYBLEAL Gs hAY A BrmATIRGURSE 5Lt hi ngs, this
di scl osure prov%ﬂ@% precurs‘gr&l%(ﬁ{ec%‘l es é'n%j cortporsnlllt ons 1%oﬁrrrwssiki ng and

usi ng seni ciondedttomeksancdficient foler gsHandpwldaiclectrigglepyluciatyar cel | s and ot her
uses. Incpartic : IS (N : d conpositions
cont ai nirsng a CO%fi‘a&(gist%e%%@g#@{oﬁ&o&?@@%%%@%}ggg?of%@gsg?ﬁ%\glg?o’dﬁ&ndi um gallium
al um num swehterdlufor plotolvodtaiclayers, éspediallyi thig f{l@ugyA) 01 sojaGagliddvicss 8e) or

CAl GAS, V\hioctﬂeragoeduusef ul for thin filmsolar cells and other uses. In
sonme enbodi ment’s, t%i s i nvention incl udes pol ymeri c precursor conpounds and
conpositions for preparing sem conductors, optoelectronic devices and
20phot ovol tai c | ayers. ThRIBhpOMMMaRINd conpositions of this

di scl osure are stable and advant ageously allow control of the stoichionetry
of the atoms in Mg BlelbA Sngd & URpbAMS SABAHIIE MhseRfis 4l S

i nvention, chem caSI ﬁt&é?\d phﬂ/sﬁf‘%:afl%y lfn?l Qrm’sce‘ﬂ}cond(;ig’ct o?r%lsayers can be

pr epar etd wi methedsdomenaneg baniprrauciors ond wetepalsirid svell Belepfodlédiredicher ei n.

In further i e her .pr 1, he made in
processes o&;;eg%% g ?lin%@gﬁv?%ﬁéaﬁ e&%lé&?ﬁ&?%%ggs a%hﬁsr&g%%\%\nﬁlt%ﬁ? F\C}ae?corrpounds and
conposi t i ongeafsor mokcdesald@smpesitions for makingkine upog yamecandug@omssuhsisr conpounds
and conpositions of this disclgsur an 30provi.de ephance rocessability
For sorar ci PR Sl v Mol s RHRS oYy b Bt e BEEES o8 Ve ety o
subst r at es dénaehpddiRGoppbundeigl @inpbeti@tsicuthiyiing awo b iipesmaifuliccde ments

15  copper, silver, indium, gallium, aluminum, selenium, and sulfur, including
(Cu,Ag)(In,Ga,Al)(S,Se) or CAIGAS, which are useful for thin film solar cells and
other uses.

In some embodiments, this invention includes polymeric precursor compounds
and compositions for preparing semiconductors, optoelectronic devices and

20 photovoltaic layers.

The compounds and compositions of this disclosure are stable and
advantageously allow control of the stoichiometry of the atoms in product materials.

In various embodiments of this invention, chemically and physically uniform
semiconductor layers can be prepared with the polymeric precursor compounds

25  described herein.

In further embodiments, solar cells and other products can be made in
processes operating at relatively low temperatures with the compounds and
compositions of this disclosure.

The polymeric precursor compounds and compositions of this disclosure can

30  provide enhanced processability for solar cell production, and the ability to be

processed on a variety of substrates including polymers at relatively low temperatures.



The advant ages provi ded by the conpounds, conpositions, and materials of
this invention in maki ng photovoltaic | ayers and ot her sem conductors and
devi ces awe2qawvmarmBl y obt ai ned regardl ess of the norpholPogyusesioanmhi t ect ur e
of the sem conductors or devices. 5This invention includes conmpounds having
repeating units {MB(ER)(ER)} and { MA(ER) (ER)}, wherein each MAis Cu or Ag,
each MBis In, Ga or AI, each Eis S, Se, or Te, and R is independently

sel ected, for eagh a@%’ehrgéseﬂ?&ﬁdedfﬂqu @dnlﬁ%lundsaédhllposﬁ@ﬁseﬁ&ﬁﬁé/tlemals%fkeny|
am do, S|Iyl and inorganic and organic i he conpounds of thls

di scl osure tﬁﬁym@étl@ozp@@@ngmﬁle«@lwc ereee@dmt eﬁneeqnde@ﬁﬁ%@nméevwem compound

of this dis
Coul g ety B Aol 1 aRTRUDIGSly e of the gemiconductors 1

fromO to 19rdevices. fromO to 1, the sumof y plust is fromOto 1, z is

from 0 to 1, ui flh%ptlgn %Cﬁges%oﬁlgﬂe(ndhﬁa\fﬁ%ﬁh&nﬁ% Eﬁﬁtsl{rl}?éEﬁﬁd\%E }f @M 2 to 6,

and R represents groups ere are
i ndependent {N"EB)ERD e avhreonaagh Wlw CaloyAg, daelt B daliny Ga OJaAkew}aIE 1S§m do,

15silyl, a gank s, and el qe] gands thls di scl osure
may be defﬁglen? orygﬁ??% € |ny§§%¥mi(ni%m(§mumne %mna 1 ohe aspects, a

conpound ofhetdiosyli dikenyt, iaoidoysily] aad ara)rganraraga niganip tibymater Tlor compomdjs nation

pol ymer, whi be |inea n , lLi.c, or a mxture of any of the
Por 2001 na. R ARBemEe B Ber A1 gAS SRS or Rl e efome iy enrper at ur e

bel ow 20mbout 1QOcd&mpound of this IdIIScb‘»Qtn‘e rrﬁmiﬁm tH@dSih@ncaa faanpound of this

i nvention have t hr peatin it or three or
nor e repeaﬂ%%g Igurﬁﬁfﬁ%ygn ﬁ%?BWt s fromd}y ggﬁé ﬁg&%g%%%ﬁﬁﬁ may have
the formul agdrAB)o 1 MNEREHTY Aud Sis frbﬁ ortene@is fM)EH ¢ to{1NAGsE1R)1{1 BR)tb.1.5Bvis the
repeat unit, NB(ER (ER)}, nis one or nis tw or 25nore, or nis

three or Oméhaoewisrﬁwep%wcﬁemq%r@éqsw Ecgrou%rOfé’é&?Hﬂ&‘é‘?:ﬂFWe‘ﬁce from

al kyl, arylnuntbeis W HRA ¥ mdéﬂeﬁ@éﬂﬂ% sel@ddRHm §n<§1y£ 1@;&&@@%&@5&1%@39 or ganic
Ilgands A conpound may an alternating ]? ock copolyner or

a randoh copl. %%morgmﬁé@ﬁ ?Féﬁ‘tl%hgﬁnd%hfi\§0mlaﬂpéﬁ10f@rﬁ ch@ipsvrarntaﬁ@@ provi de an

i nk Conta'Wﬁ%@wﬁﬂﬁeﬁﬁd@@uﬂP@ﬁmﬁQhXﬁﬁ{'C precur sor conpounds and one or nore
carriers. e 1 nk be a solution of the conpounds in an organic carrier,

or a slurry or slmsmaspmﬁs afompaund ohtheundatipmmay borrgianigenie aelyineror An i nk of
this discl O&%l&ﬁna@g&l?&gp%wﬁ%m@ l'ﬂle% 989&{%5 d.gr'éhcalo}( Eﬁxtﬂ?%?ﬂ{y of O an
I umcC t a

addi ti onal al ning conpoun an a |éna i umrcont ai ni ng
conpound, dmeﬁﬂﬂmhwbdenmﬂwmmmoﬁhmmngmnmnpDUmﬁmxmglmemqwasuebﬂewor nmor e
conponegy s egu@ﬁbeg fromthe group of a surfactant, a dispersant, an
emul sifier, an antr-foam ng agent, a dryer, a f|IIer a resin binder, a
t hi ckener, a V|§ne®n¢ynhnMn&nsapmmmmambfmﬁmnﬂmnMJaml@t@&mﬁ@embw a

D BN LA YRR b MALATRLE £ ot e
further aspects, a compound may have the formula (AB),, wherein A is the repeat unit
{MA(ER)(ER)}, B is the repeat unit {M>(ER)(ER)}, n is one or more, or n is two or

25  more, or n is three or more, and R is independently selected, for each occurrence, from
alkyl, aryl, heteroaryl, alkenyl, amido, silyl, and inorganic and organic ligands. A
compound may be an alternating copolymer, a block copolymer, or a random
copolymer.

Embodiments of this invention may further provide an ink containing one or

30  more polymeric precursor compounds and one or more carriers. The ink may be a
solution of the compounds in an organic carrier, or a slurry or suspension of the
compounds in an organic carrier. An ink of this disclosure may further contain a
dopant or alkali dopant, or an additional indium-containing compound, an additional

gallium-containing compound, or a molybdenum-containing compound, as well as



5dye. This invention includes nethods for making a precursor conpound
conprising: a) providing nononer conpounds M (ER)3, nh2(ER)3, mh3(ER)3, M
ER) and MNe@(ERYg1728d b) contacting the nonomer conpound®CTMISRI10/0mONVBL | S
In, MB2 is Ga, MB3 is Al, MAL is Cu, and MA2 is Ag, each Eis S, Se, or Te,
and each R 10is independently selected, for each occurrence, from al kyl,
aryl, heteroaryl, alkenyl, am do, silyl, and inorganic and organic |igands.

The conpoun&lermmotbeco%p%én%%meh%&t@é gIGh&&ﬁ ﬁfﬁ&&ﬁtsﬁdmﬁéﬁq}ﬁoé{f‘d In sone
enbodi nents, the nonomer conpounds may be contacted in process of

deposi ti ng, crepifgh #pnticloaming ggensra dsydrift filkey, a resmhinder; mhecﬂf?me@rﬁ i ncl udes

conpounds mB2( ER) 3,
I e e S I et

MAL is Cu, qyﬂﬂalmon Bron@term@hteEdqrsu gm @aditioper;Ta, adh%dmmr@rgotmmmﬂ@ndent |y
sel ected; fgr, each occurrence, fromalkyl, aryl, heteroaryl, alkenyl,

am do, silyl,” and inorganic and organic ligands. 20ln further aspects, this
i nvention incl udés iavdniigh msludcmmfth@ismgrmk@gorprmrser compoohds or inks

deposited onto .a Suglpfov &mg morpon%rr Com%qung% Q;Eaqud tﬁ)e b?(%ﬁ)ﬁr ayi ng, spray
ri

coati ng, spcroétn rlalélﬁo I'on,°'spray pyrolysis screen
printing, iMRj(ER) zpfdlM‘ﬁz(EIg) alaﬁj)(csmhct;ngtthepnoﬁmmngompcmhdsplwihatemrl‘g ij et
printing, 4 Bt Ntinga transf Azprl nti pri exogr aphi c
printing, Sﬁ“g}\%rg%%r%ti r‘ﬁjnﬁ 8((;?1‘ PAM 1 A eﬁ‘glgErlsp@%F r?"lzlt%la?ﬁyl,k t her nmal
printing) i uhlegiaphly, scletted; tisrapliotgiaptli fonPilkylf irfighet@best, legposi ti ng,

el ectropl atin | ect rol ess I atin epositi oat wet coati ng,
spi n coat i nadnlg?cﬁﬁ¥l andgaereaiye nrd&rgaélc lbf"ﬁﬁér e ec?%“(‘?@&f“?’?f dﬁqgﬁsdl e coating,
meyer bar cogiGAYer ¢CIGA HpreetorGOmbbig, Iﬁmddnﬂfomnfea@tmegqonbmgw d deposition,
sol ution deposition, |ayer-by-|ayer dep05|t|on spin casting, solution
casting, AP A R AR G aaiweﬁfo TdpRoSKgE GBI coating, oy article may
include a syhgihgate selected froma sem conductor, a doped seniconductor,

silicon, galliumarsenide, insulators, glass, nol ybdenum gl ass, silicon
di oxi delS ti t ani Utidhestigrinciiiercopppens’s merle by sRropsss FoERISINg LB, a met al

foil, molybdenim: MBEERPUWZ(E@JMB*(EI@L wagpR M@EEM%h&&BWW{nadCObm t,

copper, galli um gol panganese, mol ybdenum ni ckel, pal ium
platinum rineM’ ulmGar MO Uisuvrh M| is Gar andS¥ Fiinfesecls Eéses, SesQreT@l and.R on,

T L R L R L
copol yner, anigolsypneandohegeic andpogapat ligphdsne t er epht hal ate, a

20 In further aspects, this invention includes articles comprising one or more
compounds or inks deposited onto a substrate. An article may be deposited by
spraying, spray coating, spray deposition, spray pyrolysis, printing, printing, screen
printing, inkjet printing, aerosol jet printing, ink printing, jet printing, stamp/pad
printing, transfer printing, pad printing, flexographic printing, gravure printing,

25  contact printing, reverse printing, thermal printing, lithography, electrophotographic
printing, electrodepositing, electroplating, electroless plating, bath deposition,
coating, wet coating, spin coating, knife coating, roller coating, rod coating, slot die
coating, meyerbar coating, lip direct coating, capillary coating, liquid deposition,
solution deposition, layer-by-layer deposition, spin casting, solution casting, and

30  combinations of any of the forgoing.

An article may include a substrate selected from a semiconductor, a doped
semiconductor, silicon, gallium arsenide, insulators, glass, molybdenum glass, silicon
dioxide, titanium dioxide, zinc oxide, silicon nitride, a metal, a metal foil,

molybdenum, aluminum, beryllium, cadmium, cerium, chromium, cobalt, copper,



5pol ycar bonate, a polyester, a polyester film a nylar, a polyvinyl
fluoride, polyvinylidene fluoride, a polyethylene, a polyetherimde, a

pol yet herwol2zbarmay23a pol yet her ket one, a pol yi m de, a pol perrugeailogtoste, an
acrylonitrile butadi ene styrene polyner, a silicone, an epoxy, paper,

coat ed paper, and conbi nations of any of the forgoing. A substrate nmay be a
shaped substrate including a tube, a cylinder, a roller, 10a rod, a pin, a
shaft, a plamgm,aoRl ﬁﬁ@maﬁgiﬂe?éjﬁpoly%dé&ﬁlﬂlen1cﬁe1%ﬁl¥<ﬁgm5§lﬁtirﬁﬁ?r}%nuﬁl spher oi d.
Thi s |nvent|on may further provide methods for making an article by (a)
provi di ng oedigm, %@@Sfé@b@ww&fyte@k ipy g ontyug), tigr teenfgngites seGrate; and (c)
deposi ting LifenGATPALARSIY, fn%fssﬂweoam%l SHOEL gk Bmd i RARE senbodi ment s,
step (c) can be repeated. i nc ‘heat’i ng the substrate at a
t enper at ur eCO@fiuqﬂW@mlilﬁelb@gQPOI}@m %wlm@ienmlxe@y@nmpﬁlﬂtdh@ gonpounds or
inks to I ep (c). A nethod
can i nclﬁd a)ﬁér’%g)gjlme ﬁJgSt&an&?esfteq ﬁlllg‘rvﬁrg?’ %albgﬁgﬁgfu%%{ l?éit e at a

t enper at ur epodijfvni}dldmeetbmuﬂe am@eﬂmleada@lwblyeﬁaﬁmdbm mdyettersnlfemdhedi nents, a

o about 4000 s canvem R LRIk Tl HORTLALH B ionkhOMa 0 *°
anneal i ng tudymat esiliane, bl)d eb@@t papgr, tchz&edspﬂpsm alaice)nmﬁnaaortsemaw aftthe € of from
about 300C to about n further i nc udes heat i ng
he substr abEoRE & MEREE LR P AR ObT bt B B 05 o conver
t he COnllDurkdﬁadClehrﬂ(ﬁlaﬂtCaIﬂaﬂafﬁéﬁl&ﬂeﬁdbladb@@@ﬁielzlﬂ@vddﬁﬁrf@&@@lﬂpl(éﬁm@.r i nks onto
t he substrate, d .annealing_.the materia %y he t.in thﬁ ﬁu trate at a
tenperature of f Y3500 map HEberPrayaunewedty "BHAPY Y eps of a

met hod can praﬁhmg@né@lr)m&ea&mﬁtgmamlﬁksb@i)ba)tvmnagta@bgt&m@aﬁ@@cwe of from about
100C to about 400C to convert the conmpounds or inks to a material; (e

deposi ti ng $RESTEREIPHERTRROUBSS qrhrpé@oawtt%e e raq 8 ppme embqdimente SER{G) ng stZaps

(d) and (e)ean%@%pemd a@%aiou%ytlmum%ar rodhe RYsth8ak b RnfchRus UPgihat e at a
tenperature of from about 300C to about éSOC Fur t her enbodi nents include

(d) heatd ngabrrel 09TC naberr QP wrconvardhpesranaupds Gfinks tefatseek WhigbC t o about
400C to conyght f&li%%eﬁw%%ﬁlé sf%[) &N b’%smétﬁ%(ﬁcaﬁqﬁc@l[de%hmeaﬁ@ th@Agaks N9 the

sem conduct or materi al 1 ng t he substrate at a terrperat ure of from
about 300C byoheatyea the e@s@te @Erﬁdemperatw@éﬁ‘nomgﬁbguté@@ @ ®)aboytdp04ndn(e). The

rethods of L KARkhen, MBKd HEAhekNE HEGoaRPRY ARl R SPHA

sel eni zati on or su}g?‘url zation, elt ore, during or after any step of
heati ng or @mntelé)l)i’(hg) abbm@@?@toa@pwtbc; carposndsorens itommpteoel dels a mat eri al

havi ng e |r| I X).. v ez),, Where x
is fr omﬁ d(; ann hn§%h% maftg 1angﬁ%aQ1%{he ﬁ%f%te% {eﬁ%ﬁ%ﬁ?y@ éc}in gtf%ﬁté@u(éﬂ of y plus
t is from Oto@BduttS@O"C Iz furghef ¢ngbdOndngs, &meﬂlodmchrdesrﬂndauﬁg tho sﬂhsﬁsatevt ds from0.5

1.5, d 0.
m - and caPie Ged R R0k P ueRb iR GaCr AR AR LSS o @ TR

a material, depositing the compounds or inks onto the substrate, and annealing the
material by heating the substrate at a temperature of from about 300°C to about

25  650°C. Additional steps of a method can include (d) heating the substrate at a
temperature of from about 100°C to about 400°C to convert the compounds or inks to
a material; (e) depositing the compounds or inks onto the substrate; (f) repeating steps
(d) and (e); and (g) anncaling the material by heating the substrate at a temperature of
from about 300°C to about 650°C. Further embodiments include (d) heating the

30  substrate at a temperature of from about 100°C to about 400°C to convert the
compounds or inks to a material; (¢) annealing the semiconductor material by heating
the substrate at a temperature of from about 300°C to about 650°C; and(f) repeating

steps (c¢), (d) and (e). The methods of this invention may further include an optional



Enbodi nents of this invention include nmethods for nmaking a materi al
conprising, (a) providing one or nore conpounds or inks; (b) providing a
subst r at eyvo 200/01e338deposi ti ng t he conpounds or inks ont @Crhis2&ios4osat e; and
(d) heating the substrate at a tenperature of fromabout 20 C to about 650
Cin an inert atnosphere, thereby producing a material having a thickness
of fromO0.001 to 100 m croneters. In sonme variations, this invention
includes a &b o sEibhiR BB LEGIIRZARE SitRYr RRE %ﬁfz}gso&@ﬂapaﬂysske?gyfhéa@q}l gproviding
one or nore conpounds or inks; (b) providing a 15substr (c) depositing
t he conpound$negelifgks ont o the substrate; and (d) heating the substrate at
a temperature ofi LQMARAUiAGibRpRRRI o ARG Haling Mholffircafl MOSPhET €,

t hereby producin | m mat eri al haV|ng a thickness of from0.001 to
100 m cr onefoanga (Ahphgt)l(ﬁlnot CajAl)dbsdebe whore xdefiomd todny isdrammdéo Witt h a t hin
filmmaterialy ofo 8d)'es 1%§§dn9§#;§ﬁus 29 R SROR. tgrfb?ﬁ'f t%1 diPpghovol taic
absorber of this invention ave the enpirica

(Cui _xAgX) . @5 mi L, vticayll 0 (1Si, 2zdedy from I ér Eh«matsrlilrrmb@ ato 1, y is fromO
tol, tis Je%n(i)crgn uc?oorlor aﬁn ﬁr}l Qledsurge use mallj<e n t elec ro 1c%ev1 tol, zis
fromoO to 1, 'S 5 { 16BN B PG 8" p? i B SN wis from1 to
3. A photovoltaﬂhMﬂﬂnmm@(ﬁMnsmsmennmmhMpmﬁMkﬂsﬁgnﬁkﬁghnmmahlpomer may be
made with a photovol tai c 25absorber of this dlscgaéure Th| i nvention

cont enpl at ¥ RIHEEHBLPPYIIE OB PAPOTG CUPRMPHT ¥dPSy ’FOVt?éfi%wag*“ SB¥fot ovol tai ¢
system t® c@N¥Pobiitihd ‘@Bt:ompﬁuﬁdﬂbreﬂ{srdnfbahe amergy and (d) heatinp tiRGuBstagpect s, this
di scl osure provi des nethods. for a ovol tai ¢ absorber |ayer on a
substrate cOAFTRYHYC O% g)?mﬁP?WB?ﬁ %g?ét %S?)Q%df‘ &N PSHEBRETS S Ts T  (b)

provi di ng apr@&&ﬁltgraaﬁﬁem(lﬁavudgem&jkhés@gfﬁ&ﬁ 0B MRPLIDdRicRmetdrkS ont o t he
30substrate; and (d) heating the substrate at. a terrperature of from about
100 C to about @B8°TEe Yasiatieps ‘il?ér”t’Ve&El‘PPo‘élﬁH%f‘rSé‘ thip fidp aperivt Badidivify a

phot ovol t ai Iﬁo@e@sswnwmga%ﬁsrohaﬂlg@geam&l&le%ms&ﬁld%r lﬁﬁsom)gr&%n » 100

m croneters rief sunmary, taken ng with the detail ed

descri pt onsubftrate: €0) ideRasHInE dre, compoyisls br iaks erHe theisyfrais; an@rﬁ@ hepinetied exanpl es
and cl ai ms, ;8§ WAl era@ﬁ%@%ﬁﬁ&ﬁ%b&ﬁ% dd;%&ét%ﬁ 0 efin L Geht AUERphLD. BRI EF
DESCRI PTI ON OF THE W NGS 5 : ows an enbodi nent of a

pol ymeric pther@bbrsroduceltgrﬁotbmrfdm(wmhm)gamksehwhfwmolﬁpgto W0 the structure

e L e I L E T e

chal cogen, dniis Rs¢lssuae.f unctional group. 10 FIG 2: Fig. 2 shows an

enbodl t of a | c PGA wn in Fig.
> the St uct ur 4T S b RS KBR AL TR LR eﬁ% R PSRN

( RE) 2BABABBARAR;al ﬁdnmukal(ﬁuANg@u(ﬁﬂletG@AE)aasl Lﬂu)tv v{/lM@e( ER)fﬂ)}n 0B i,5it he repeat

ot P S PO Bt SR PO AR S

fshownI in Eég;éifr%ﬁ,&mstgtlrmﬁm@noﬁw he, zﬁﬂrﬁDQLfoﬂn caB.be ph@pradiaent eg by tﬂe

or nul a ereln ]S the repeat n|t , s the

r epeat uglt‘?ﬁ@ Eﬁ& 0EP@§“§®€H§F@@é@ﬁ@rQ b??W ﬂ*%&@*ﬁgﬁﬂ% group. 20

FI G 424 dabsérb&hP\iss HC1 QRO LB englbn SonRANARS A BethéERHpROIdingompound
(MPPCAIGS). As shown in Fig. 4, the structure of the conpound can be

repr esent eoelwlqah%oweéﬂlﬁﬁg aplecp@)%ﬁ\@%m B BRY Bt g B XTI UAH e repeat uni t
{MACER) 2}, B is 1hhsné 8pEAL, thHNiitcldsNR(JFR)idd :mdthdd§ fR nfel e GQHsRvolaRd R is a

functional group. o o
absorber layer on a substrate comprising, (a) providing one or more compounds or

inks; (b) providing a substrate; (c) depositing the compounds or inks onto the
30  substrate; and (d) heating the substrate at a temperature of from about 100 °C to about
650 °C in an inert atmosphere, thereby producing a photovoltaic absorber layer

having a thickness of from 0.001 to 100 micrometers.



25 FIG 5: Fig. 5 shows an enbodi nent of a polyneric precursor conpound
(MPPCAIGS). As shown in Fig. 5, the structure of the conpound can be

repr esentwo 2by/aissf or mul a cYcl 1c(BA)4, wherein A is theCTASeE/0uIST
{MA(ER) 2}, B is the repeat unit {MB(ER) 2}, E is a chalcogen, and Ris a
functional group. 30 FIG 6: Schematic representation of enbodi nents of
this invention in which polyneric precursors and i nk conpositions are
deposited onto mﬁsturfépémmﬁy%ﬁemwg\xhﬂatﬂaeaém% déseﬁlht%ldmewemmg,
coating, and printing, and are used to nmake sem conductor and

opt oel ect r onivelstherfgares. tinepngadad csamplasengelaims 8s e waplgyeneoarast $on syst ens.
FIG 7: Sch@g@gshgorf%qg\segg&@tl on of a solar cell enbodinent of this
invention. FIG 8: Fig. 8 shows the transition of a polynmeric precursor
enbodi ment (MPP) of thls i nvention represented the repeat unit fornula
{Cuo Ago 25( SesBu) 395! nBRYELRBEA{BIPT 1O |%BHE%‘¥%@§5I no Gao4Al o 3Se2
material as determ ned by thernogravinetric analysis. FIG 9: Fig. 9 shows
the transi tFeniokigd! PRI G oRMBRILTEPbI giemmrceﬁ@&and ekpphi s i nvention
represented by the repeat unit fornmula {Cuo.5Ago.5(SesBu)4lno. 7Al 0.3} into
a Cuo. 5Ago. %&ffbs)?;:\\ﬁ@ heyapin Fightl ethp giruciye g Qﬁlmadwheﬁémﬁ%%w Hstric

anal ysi s. 1fFh (ﬁ@zBEBgBBlghéag\a@lstﬂreerqseraaﬁlﬁﬂ {M‘QER?&E isARL MPEK Lifit P ecur sor
enbodi ment %g? é, this invention represented by e repeat unit formula
{ Ago 50Cuo BY((ER$BUY 1 ashprlsoBs] avd R finstionsh 2myp soCuo soAl o 3ol no 70Se2
material as determ ned by thernogravinetric analysis. 20FIG 11: Fig. 11
shows the transition of a polyneric precursor enbodi nent (MPP) of this

i nvent i bh rigpr és&igt @chawp anlsmbpdipenttof amlymiete mgkersor compound (MPP-

{ Cuo. 9( Ses 0 5e

it or 8l as ARG A RAATBY her o gL e eSHuets: b%%ﬂ%ﬁﬁéé‘%ﬁé

shows t he tmamdaﬂﬂ@ﬂ&QBABBpmﬂyhnﬁmmnpA@Uhcsmem$nmé i}, BMPRE  of 25th|s

i nvention re eat uni.to faramul.a SesBu) 4Al} into a
Cunl Ser et SRR LD ERE 1 R PR Sene P b LB #RE et o R G M1a:
Fig. 13 shoms the transition of a polynerlc precursor enbodi nent (MPP) of

this inyentiaon ented b he r unit formul a esBu) 39Gao
on103] Tt o 15 308! SRR 59 AModiaEy A mine st didtep fpuad BT

t hler nogr avi (UEIGS)C AsREdwWisinFig. Bl e sti:&)turFfbgheF] adin@aﬁ&\santﬂaeeﬂrésaﬂtsﬂ by tnadoL a )
polymeric p or e I en VPP this | vgn on re esente y the
r epeat uni topBH LS. fgﬁfg ‘ﬁée@gﬁﬁ% §ﬁ?f96*2‘}“n}t Jeki 91 H5 FeFlo2 e

mat eri al asurﬂte{q\eﬂr@m@@i@)échmedgmgaﬁaamwfaﬂcﬁo@ngwﬁls FIG 15: Fig. 15
shows the transition of a polyneric precursor enbodi nent (MPP) of this

invention represented by the repeat unit formula {Ag(SesBu)4Al} into a

AgALSe2xgrat gy, @l FRS4 @heot\x%rameﬁﬁgdlmémtdm@Meﬁyb%@ﬁrgd&oﬁp&lmmp S FIG 16:
Fig. 16 shows the transition of pol yméric precursor enbodi nent (MPP) of

this i nvent$0KYeps sbemt adiby. @hétnmﬁ@afth@;mmp%@lﬁm@rfmg@(egéésmhm no2A103}
into a Agl nfigA03Ses Bl Als@la)as, WiRtEr MiDgd (O¥at AR POERY! MBL fifc anal ysis.

repeat unit {M°(ER),}, E is a chalcogen, and R is a functional group.

25  FIG. 5: Fig. 5 shows an embodiment of a polymeric precursor compound (MPP-
CAIGS). As shown in Fig. 5, the structure of the compound can be represented by the
formula Y"“(BA),, wherein A is the repeat unit {M*(ER),}, B is the repeat unit

{MP(ER),}, E is a chalcogen, and R is a functional group.

30  FIG. 6: Schematic representation of embodiments of this invention in which
polymeric precursors and ink compositions are deposited onto particular substrates by

methods including spraying, coating, and printing, and are used to make



10FI G 17: Fig. 17 shows results of methods for stoichionetric control of
the conposition of a polyneric precursor enbodi nent (MPP) of this

i nventi orwwOBha/®7BRi S refers to the wei ght percent of aPpamSkewioaosat om
either Al, In or Ga, in the nononer conpounds used to prepare the polyneric
precursor. The y-axis refers to the weight percent of a particular atomin
the precursor conmpound as synthesized. 15 The straight |line correlation
observed i r‘seﬁilcg)ndli]ezor%ﬂ@ﬁ\?toél&%ron?cri'l?até‘rfaﬁ'aﬁh‘ﬁ@ﬁ@e‘éra)é w1 ag BeerPPloniBLibe Precursor
can be precisely controlled with the quantities of the nononmers used to
make the polyy@fic precursors. DETAI LED DESCRI PTI ON Thi s discl osure

provi des a range of novel polyneric conpounds, 20conpositions, materials
and net hods for sem conductor and optoel ectronic nmaterials and devi ces

i ncl udi ng tAG7f Sthemphoteptestntation of apadancal eobedimentiof dirdingadpn.band gap
materials. Anong ot her advantages, the pol yneric conpounds,
conpositions, materials and nethods of this invention can provide a

precur sor cldfp8uRt. Bsirowmkd tregsiBibs efd pdyrderct wecusodeolpidoedng VIPBNefc mat eri al s,
i ncl udi ng QQs1vmf% rer%ened erefm{mngkar cells and other devices. In sone
enbodi nent s, t he % FECISH SRITE TS ¢ precursor conpounds of this

i nvention Caﬁmb@gﬁﬁﬁdBﬁkQHQBGMMAh@Mmﬂni@mﬁAg@ﬂM@ﬂhﬂﬁMmﬁeﬂmmamﬂme a |l ayer
from whi ch %ﬁl GASE‘%{’]%BOt her .materials can be made. CAIGAS refers to

(Cu, Ag) (I n, GXTRYY JMOSIRAMPHE PUIEY Al GAS, CI GAS and further materials
30descrubed bel ow. Polynerlc precursor conpounds may al so be used in
a mxture th a i onal npound control stoic onetr of a | ayer or
material . et 9 5@‘% %ﬁ“anﬁ‘i%n 8‘3‘? H"??if‘i}erfcd”%célfséﬁ?m kéﬂ? hifhed

st oi chi onet 1i1\fé:nﬁ&ﬁ/ P@@nf&%@%ér@@&at thefoshh @@moqm*gots(sesmlgﬂﬁp,moepl | able. This
i nvention provides polyneric conpounds and COﬁgOSItIOﬂS or

phot ovol t ai leth?pfblropégas%m%los%gH\W@rlﬁ ag detgayineddy thermogiprinstic sglysigner gy

conversion, 5including solar cells. The pol yneric conmpounds and
conpositions of this disclosure include polymeric precursor conpounds and

pol yrrer 1T pflee 19:sBes] Fsbpwhte diepstian gfgmolymepa picagseiovbodisient @8Ha@Et or and
phot ovol t ai §; TR AL %%kh%§ﬂmﬂ@&mp&ﬁpMﬁﬁﬁa Anong ot her advantages, this
i | e pol

di scl osure provides sta meric precursor conpounds for 10maki ng and
usi ng | ayer é&oﬂﬁ%ﬂ%@)@ﬁ@sqﬂhﬂbb@@latfégoccz{iuo sibholasoJeomatsobleas cel |'s and

determined by thermogravimetric analysis.

20  FIG. 11: Fig. 11 shows the transition of a polymeric precursor embodiment (MPP) of
this invention represented by the repeat unit formula {Cugo(Se’Bu)s 90Alo25Ing sGag s}

into a CugoAlgasing sGagosSe, material as determined by thermogravimetric analysis.

FIG. 12: Fig. 12 shows the transition of a polymeric precursor embodiment (MPP) of
25  this invention represented by the repeat unit formula {Cu(Se’Bu);Al} into a CuAlSe,

material as determined by thermogravimetric analysis.

FIG. 13: Fig. 13 shows the transition of a polymeric precursor embodiment (MPP) of
this invention represented by the repeat unit formula {Cugo(Se’Bu)s 9Gag7Alg3} into a

30 CugoGag;Aly3Se, material as determined by thermogravimetric analysis.

FIG. 14: Fig. 14 shows the transition of a polymeric precursor embodiment (MPP) of
this invention represented by the repeat unit formula {Cugo(Se’Bu)s olngsAlg,} into a

CuoolnosAlo2Se; material as determined by thermogravimetric analysis.



ot her wuses. A photovol taic absorber material of this disclosure can
retain the precise stoichionetry of the precursor used to make the absorber
mat er i al .wBabymarise precursors can advantageously form &Crhisag100miofpr m
film In sonme 15enbodi ments, a polyneric precursor is an oil that can be
processed and deposited in a uniformlayer on a substrate. This invention
provi des polyneric precursors that can be used neat to nake a thin film or
can be processed in an ink conposition for deposition on a substrate. The
pol ynmeric precursors of this invention can have superior processability to

form a thi nfIiG Lt Figr IR the paptibeotfaaolymers rcsepor capedincpOdHP ) 961 ar cel | s.

[N certain @RRgchion bcnloB YT OkaPRV RS PRLKIRL]AI PHRAUL S8 COMPOUNdS

havi ng enhanced solubility ih organic solvents. The solubiliTy of a

pol ymeri ¢ phetetial 9pdcterakized biytthesgogiaviagtswsalyos. prepari ng phot ovol tai ¢

mat erialg using any one of various processes that require deposition of the
precursor on a substrate, such as for 25making thin filmsolar cells. A

pol ynmeri c pkFléclf:sbig. Heshowathe temdiamced pebyimebic bictyrsorrenmbndinent (WS ofarri er s

for prepari .an jknk ta b eposited on. a subst e In further
eront ment S g sb el S PRSE Bl BB PR SEER o bl o
conpounds fAgnyAlCBet h&erdad buddtdrinined bamhcadvamtimgeio usdlysibe control |l ed and
selectively varied. In these enbodi nents, the solubility of a polyneric
precursor can 30 be enhanced by variation of the nature and nol ecul ar size

and wei ght ®IG. OMEFiQr 17hbes asganifencthogafvdstorhivachrdtohtolohtheconpound. The
control of polyneric,. precursor solubility ¢ | 1l ow t he preparation of inks
havi ng cont HH’IO%‘HO‘Q/?ICSQCWEXI??{C W%Prsg&%dﬁené@g?@ Oéf}H%WVﬁPIBB'eEﬁ‘? Es. I n
general, th&istferCh teBvagid pPcO@RF & paEcudir atdhe cRRrWIEBRioe Gaaraeunds,
conpositions, and materials of this invention provide advantages in nmaking

phot ovol t ai BONUREE FAMPABHS E6th BURIERIFSthe BTYMERS eSS o e hRF i EE 1T tof he

nor phol ogy, thateiht Redcht & a ffticTBRPREH iR the pRRUIEAIINBURS askhRh&BRY cOnduct or s or
devices. 5The pol yneric precursor conpounds of this invention are desirable

for prepari By ssaighcloneaeelation by din §1shd shavwplss theissridiometiyoif heer i
precursor Ny, Aaye uf‘sbgéatﬁl b%rpfeléﬁEHrc@ntfo@l@%@'itﬂ'tﬂ%g]u‘élMieQBftﬂPﬁl%n&hér%erent et al

atons whi ch nay be boun o each other through interactions or bridges with
one or nor eusghisl makgehe polyngicakecysatscogen- cont ai ni ng noi eties. 10Wth this
structure, when a polyneric precursor is used in a process such as

deposition, coating or printipgrQi @ SH86RIMAYENOr surface, as well as
processes invol ving annealing, sintering, thermal pyrolysis, and other

sem conduct or manufacturing processes, use of the polyneric precursors can
enhance the f or NS Belespreravides  smge et mve Ry mers comppiidti es.  15The

pol ymerae pERdsifos, MARAY BEEmaRSHs FHRRARIhIRRE a8 ofthi&ubMy @Rt AR MY
advant ageously be used in processes for solar cells that avoid additional
sul furi zat | ¥ deyicednavlingihjngdfimgthefpgoltaics and various semiconductor band gap

materials.
Among other advantages, the polymeric compounds, compositions, materials
and methods of this invention can provide a precursor compound for making
25  semiconductor and optoelectronic materials, including CAIGAS absorber layers for
solar cells and other devices. In some embodiments, the optoelectronic source
precursor compounds of this invention can be used alone, without other compounds,
to prepare a layer from which CAIGAS and other materials can be made. CAIGAS
refers to (Cu,Ag)(In,Ga,Al)(S,Se), and includes AIGAS, CIGAS and further materials
30  described below.
Polymeric precursor compounds may also be used in a mixture with additional

compounds to control stoichiometry of a layer or material.

10



For exanple, the use of a polyneric precursor in sem conductor
manuf acturing processes can enhance the formation of ME-M bonding, such
as i s 20 wequiwm@3Bor chal cogen-contai ni ng sem conduct oPCtarspavng®sand
materials, wherein Mis an atomof one of Goups 3 to 12, M is an atom of
G oup 13, and E is a chal cogen. I n sone enbodi nents, a polyneric
precursor conpound may contai n a chal cogeni de bridge having the fornul a
MACE) MA,  MB( E) Mgy QEncMA(th) MRty 20R14204 ﬁr@@étérﬁli&ﬁ%%hﬁ%etr’?mﬁ& may
advant ageously contain_|inkages between atons, where the |inkages are
desirably fBeaidthanthg steiehiopicay isgionfrolfableest | such as a CAI GAS, Cl GAS or Al GAS
material, which : £ : L : o0 @ conbi nation
of polyneric prﬁ%pgg%g@%ﬁgld%ﬁa;%ﬁcgg%%g{gﬁé g%cféogg%%g%dfgpof this
di scl osur e photovsitzbimligstipng @avvhat dgyrougidsystbmoior eovngy Ginvetionhe
st oi chi Os'TEti'h%(lud'ﬁéEdiErtc‘éﬁse’ and ratios of the atons in a sem conductor
material or Taye in particular, the netal atons. Usi ng pol yneric
precur sor conpo Uidpolymeanyomaundscand apmpenione nfithstdxclosenufchelt ur i ng process,
struct ur o o e PEe BRb R 28 PR PR o B B o et et &
at ons. Pol ymetl semjoedusts and plivawiohgic diafekiels efitns paatl prodattomamoag dtheli f f er ent
nunber s of tal atong. can be cqgnt ed.in precise ampunts to control the
metal at om b g1t ORSEFYOTHS EroLam SR Br RIS IT Y P ocess. | For
processas opstiad andgisil ldyetedinkav@ial ah@phdtevoieicdsighes forsukcals at@r t ai n
printing, spraying, and deposition 5nethods, the polyneric precursor
conmpounds caf® M&™nt ai n the desired stoichiometry. As conpared to processes
i nvol ving nmul ti Y ghoseudNt&ie Sbdofier BRIFHEIUTHIC N o ERATA)ih @R, prddie pol yneric
precursors of this invention can provide enhanced control of the uniformty
and pr oper tjt@ishigmetsy ofdhs RreFEeE bise torBeks thapbsothre@atetiglyant ageous f eat ur es
al | ow enhanced GNP pRYBKok B /IVEMESMESY Rfma i, elik ANAUGE@memat eri al
made with the pol ynmeric precursor compounds of this invention. The
pol yner 1% piehodinadiss 2 polympiiapregusr ssurod tha sarblee nyegseser and daposigid g2 bl ocks for
sem conduct Q¢ i I I r S,
conposi ti on@%ﬁ%qﬁg o%ssu bsi)t¥at(3‘t' hTihéS 151?%1@ Ig%és‘ﬂg?gk%ogﬁg{#op\?v&é‘fsﬁgg?g gﬂg preci se
control of Rowsedragt whnakeetthin dilmatricasbafrogpsted|in an Bk geroprsitioBder exanpl e, in
sonme enbodi - [ - 0 i t hout ot her
conpounds, ﬁ%@%l assq‘%%ﬂg‘ge;r@e@%ﬁg%?8‘%?‘%%6%1?“8%%@1@&9 ﬁ(t}? S or Al GAS
mat eri al s ofupeny parchisebibiyyo Stroiaghin dimtforymadng hetoveltkec alisprbeglryas n aspect s,
polyrrerids P ASYES QN conpounds can be used to form nanoparticles that can be
used in~various nethods to prepare sem conductor materials.

In certain aspects, this invention provides polymeric precursor compounds

having enhanced solubility in organic solvents. The solubility of a polymeric
precursor makes it advantageous for preparing photovoltaic materials using any one
of various processes that require deposition of the precursor on a substrate, such as for

25  making thin film solar cells. A polymeric precursor may have enhanced solubility in
one or more carriers for preparing an ink to be deposited on a substrate.

In further embodiments, this invention provides a range of polymeric
precursor compounds for which the solubility can advantageously be controlled and
selectively varied. In these embodiments, the solubility of a polymeric precursor can

30  be enhanced by variation of the nature and molecular size and weight of one or more
organic ligands attached to the compound. The control of polymeric precursor
solubility can allow the preparation of inks having controlled viscosity, for example,

among other properties.

11



20 Enbodi nents of this invention may further provide processes using
nanoparticles made from pol yneric precursors to enhance the formati on and
properti es0ah112018881 conduct or materi al . | N aspecPETafS2a10i084057

i nvention, chem cally and physically uniform sem conductor |ayers can be
prepared with pol yneric precursor conpounds. The conpounds and
25conpositions of this disclosure are useful to prepare sem conduct or

llayers having enhaneed t@égﬁ@{u}éﬁﬁprdﬁanfeysﬁdﬁ@f)o@ﬂ‘e@@w@%&s solar cells and
ot her products can be nade |nfprocesses operating at relatively |ow

t enper at ur eXPNpepiHgNs: Hl Akt prewion Psrvidesdponregs ingpkintonposi ti ons of
this di Scl 5o OT0E: ROMKIRI:ErPLAENERE SoliclVishchshasy e are usef ul

to prepare i nks that "can be use I'n various nmethods to prepare
sem conduct asehitgetuesy prahanneiryfalyicatamsd ¢l sermicohductngs oniesice pol yneri c

precursqys, thi Srhg‘pﬁ&hl%ﬁ&'@c&?& Bﬁlgqfdn%oﬁﬂﬁ%ﬁ&ﬂr@&&ﬁ%@k&r' ty for solar

cel | productlon neric precursor conpounds and
conposi t i onzemiing mrmcmildsdbomammlmrml\nodxpostm@sal&l Ijoil}tngertcwré@ersmm@es sed at

relatively |owt ures arlety of
danqu fure C n a1n1n WO OI' 1’1’101‘6 51?ter metal ?mS W]%lsl‘t%%é

substrates |nclaﬁ yners in solar ce i ments of

pol yneric phmndjtos«aclsothmthlﬁaglﬁﬁﬁrz&bsmrdnbmgeﬁmthsmb ar meelchglcogenmbodisnent s of
this invent itoﬁ inclu ; onpound conprising repeating units
{MB(ER) (ER) ¥ © ﬂﬁ%ﬂﬂ&?‘ﬁﬂ}l’(ﬂﬁﬁﬁe le§\lner ein each MAis Cu or Ag, each MBis In,
Ga or Alg each EVitlsthfs strSeturervhéEea payrferl? pr&cutsodie pesideaplocesslishedsed, for each
occurrence, . from al ky. het eroaryl, al kenyl, 10am do, silyl, and

i norgani c a‘ll?Bo%?ﬁ]aﬁ‘? ngP go’E&é‘f]f’Sﬁatﬁ%s C%ﬁ’%/‘f"’ﬁl | 3gFOEE RN um A conpound

my be a CAh@@ang &hr@&lﬁlg0§1n@1@$leﬂhﬂ%f&§%ﬁs SRR Reiconductor A conmpound
conprising two or nore repeating units '{NB(ER)(ER)} and two or. nore

repeating URMUACIVINE PIOCEESRY) Yse ROPANCES PFFONIOT acenbaice Ay, POBBHIRIVG is I n,

Ga or Al, egGhehicosduetor 98 itMropicsdnd R is independently sel ected, for each
occurrence, 15from al kyl, aryl, heteroaryl, alkenyl, amdo, silyl, and

i norganl® and orligiamPlymicrieaisersor Compoundﬁb\a@cﬁ?ﬁmﬁﬁ'@lm@@ﬁﬁ% iBYHGOR BBEAL | ng units
{ MB(ER) (ER) z}dv%t EéeM?s(l)E@ &s@ﬁ)rﬁ'proé’g&‘%g &r ol%a&nsmgt dv3id M dRbnAQuirEBEVB 15 I'n,

Ga or Al, each e, and R is independently selected, for each
occurrence,OrfSlb]@wﬁionwepS aryl het eroaryl, alkenyl, anmido, silyl, and

LEIOI ga?:v% ( E%ﬂ ( E&%f‘&laﬁg'lé %’hgéof %&&kw&ug& ﬁ%&ﬂﬁ&%o&?”‘” I'sing repeating
manufacturing processes can enhance the formation of M-E-M' bonding, such as is

20  required for chalcogen-containing semiconductor compounds and materials, wherein
M is an atom of one of Groups 3 to 12, M’ is an atom of Group 13, and E is a
chalcogen.

In some embodiments, a polymeric precursor compound may contain a
chalcogenide bridge having the formula M*(E)M*, MP(E)YM® or MA(E)MP.

25 A polymeric precursor compound may advantageously contain linkages
between atoms, where the linkages are desirably found in a material of interest, such
as a CAIGAS, CIGAS or AIGAS material, which can be made from the polymeric
precursor, or a combination of polymeric precursors.

The polymeric precursor compounds of this disclosure are stable and

30  advantageously allow control of the stoichiometry, structure, and ratios of the atoms
in a semiconductor material or layer, in particular, the metal atoms.

Using polymeric precursor compounds in any particular semiconductor
manufacturing process, the stoichiometry of the metal atoms can be determined and

controlled. The structure of a polymeric precursor may contain a number of different
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{MA(ER) (ER)}, wherein each MAis Cu or Ag, each MBis In, Ga or Al, each E
is S Se, or Te, and R is independently selected, for each occurrence, from
al kyl, arwb,2ottigsgaryl, al kenyl, am do, silyl, and i noPganiSeoiae408T gani c

| i gands. A conpound nmay have the enpirical formula

25(Cui _xAgx).(Ini _y tGayAlt)v((Si _zSez)R),, wherein x is fromO to 1, y is

fromOto 1, t is fromOto 1, the sumof y plust is fromOto 1l, z is

fromO to lped dtdind MM erie ptr&uriaoé 7haMn%§1fffefeﬁﬂﬂ19taﬁat5rﬂs dnPdifehs from2 to 6,
and R represents R groups, ere are w in nunber, which are

i ndependentMumbses) of gtced aﬁorr@ﬁﬂrabwmtacta@lwpre%@ta@maﬁswconapkthﬁgnletal gpido, silyl,
and i norganét&l 1At ﬁ%@klﬁlcbh&ﬂ{&gﬁranﬁa&%%f@ééﬁsa%\/&dé&%sedp@raﬁn%a?, fromO to

30 0.5, yiIs rom , fromO e sum of is fromO
to 1, zis ﬂelabmlﬂlmtemperatureg, fuelopn @rtFinpontingl spreying afd dﬁwpﬂtl@ to 1.2, and w

is fr OmSZ tlgetgodsAtthg‘f?ﬁl %’0‘? c%ﬁ u%hpca?ﬁ n'lﬁntzulfl(agg' a%sﬂe? SQO'IC%’IOIX%U:)/E f romo to

1, t is from us t 1s from mO to 1,
uis from OAs7cctmpaﬂﬁde pmcessesmvodmng wu]twlefspmmsa‘ot @nﬁconmmco:rrnmmdon above

wherein x i from romO o 1 t he sum of
y plus t Istﬁ? P[nmﬁrlci %recjlrsorg of¥h11s 1nventb)n can arow%ié enhaflced co tro} { Vis 1
and wis frmmﬁoﬁm@r irrd pﬂo@me@\of‘:mmﬂmmdumynhawan i norgani ¢ pol yrrer or

coordi nati on pol A co be. |l i near ranche

m xture of any e?eha V?%argsglgofu%m@@ ERAS C‘H]érohvc‘féﬁ’@ %@%’t"%ﬁ%el ect ed f or
each ocowr rﬁlgﬁclﬁ)ndlidt(gﬂﬁa&éﬁh} Bhad Wiyl the ﬁol@‘/@lﬁg@plﬁdlrimyblb@ohtﬂﬂs ethisat a
tenperature bel ow about 100 C. A co ma ave thre nor e repeatlng
uni ts { VB( ERY{E %‘} iﬁ%ﬁ@ﬁ?ﬁuﬁﬁﬂ? Eﬁ\}%&iqlﬁsgéca?bwgﬂ?@ﬁg%g ng units

{ MA( ER)(ER)ﬁlOCkAfmemQume@aﬂla{@ﬁyg the formula (AB)n, wherein Ais the

repeat unit 10{NA(ER])(ER)}, Bis the repeat unit {NB(E (ER).}, n is one or
more, or n is twWOCEPIYRSHEDregHses cpmpeunds gopposinne andmethedlsiod thifgependent | y

sel ected, fQEcIRacMACHBN EREGNd HelR &lnk¥] of (BRI HbichiBREEE ALY bt m@hkenyl
am do, silyl, and |norqan| c and organic ligands. A conpound can be an
p

al t er natd ngpte®pdioyf s %Nlbi*@éel@&@ﬂ@mﬁ}ﬂﬁe% polbmersp MEREeRTEdISORghEene, 15A
conpound cag; iy &n @Jh% E fto?é&@ % #nRRCABEAS, ERASB(AB) B,
(RE) 2-B(AB)nB(AB)m (R BA nB %?BA B, (RE)2-(BA)nB(BA) nB,
cYcl i c( AB) XS ineieBAR Of?(nRE)tEtr?(rBBt})(C BB)I‘M car( REp@ie( BB) ( AABB) n( AB) m

(RE) 2- (B) (AABB) nf BIARIBctd R ierid Feafldk corhRohds dabh BALMRI 1o 12
nanoparticles that can be used in various methods to prepare semiconductor materials.
20  Embodiments of this invention may further provide processes using nanoparticles
made from polymeric precursors to enhance the formation and properties of a
semiconductor material.

In aspects of this invention, chemically and physically uniform semiconductor
layers can be prepared with polymeric precursor compounds. The compounds and

25  compositions of this disclosure are useful to prepare semiconductor layers having
enhanced properties.

In further embodiments, solar cells and other products can be made in
processes operating at relatively low temperatures using the polymeric precursor
compounds and compositions of this disclosure.

30 The polymeric precursors of this disclosure are useful to prepare inks that can
be used in various methods to prepare semiconductor materials. For processes
involving inks of polymeric precursors, this disclosure can provide enhanced

processability for solar cell production.
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ZEE,E RRRR 7 MAnB 1 MAML32 E7 \ E RRRR R zE/EVE mAlnB 1 mA2A4B2 \EZ \EZ E
ABI AB2AB3 (RE)2-BB (AB 1)"(AB2)"" (RE)2-BB (AB 1)"(AB2)(ABl)p, 5(RE)2-BB
(AB 1) n( ABR)20i1(0AB3%) p, ( RE) 2- BB( A1B) n( A2B) ni , ( RE) 2- BB( ACB)USEWBBY4v51 ALB) p,
and a m xture of any of the foregoing, wherein Ais the repeat unit
{MA(ER)(ER)1, B is the repeat unit {MB(ER)(ER)1, p is one or nore, n is one
or nore, or nis two or nore, or nis three or nore, and mis one or nore.
A conpound may ftaevt@ingjawn%@ REuk B oMBRGRE atédmo@tibM Ahis disclosure

10CumAgo. 25( SesBt ) 3. 95I'n0. 3Gao. 4A10. 31 , {Gao. 5A10. 5( SesBu) 3. 9Cuo. 5Ago. 4}
{ Cua5Ago. 5(IEesptiths rhigtyabe pepessed aidatorlydows Gaencrasmep aowelbusy 3ieliy)

Qu( SeoBL) Abhve £ 400305091 OaR TALBI By U BRGRBL) 3. 91 o, 8AL0. 2},
{Ag(SesBt) 4Al}, | Ag('SesBu) 41 n0. 7A18. 31, &JasAgo. 5(SesBu)4(In, G, A1) 1 ,

5  Embodiments of polymeric precursors for CAIGAS absorbers for solar cells

Embodiments of this invention include:

A compound comprising repeating units {M°(ER)(ER)} and {M*(ER)(ER)},
wherein each M* is Cu or Ag, each M" is In, Ga or Al each E is S, Se, or Te, and R is
independently selected, for each occurrence, from alkyl, aryl, heteroaryl, alkenyl,

10  amido, silyl, and inorganic and organic ligands. Each E can be sulfur or selenium. A
compound may be a CAIGAS, AIGAS or CIGAS precursor compound.

A compound comprising two or more repeating units {M>(ER)(ER)} and two
or more repeating units {M*(ER)(ER)}, wherein each M* is Cu or Ag, each M” is In,
Gaor Al, each E is S, Se, or Te, and R is independently selected, for each occurrence,

15  from alkyl, aryl, heteroaryl, alkenyl, amido, silyl, and inorganic and organic ligands.

A compound comprising repeating units {MP(ER)(ER)} or {M™(ER)(ER)},
wherein each M is Cu or Ag, each M® is In, Ga or Al, each E is S, Se, or Te, and R is
independently selected, for each occurrence, from alkyl, aryl, heteroaryl, alkenyl,
amido, silyl, and inorganic and organic ligands.

20 A polymeric compound comprising repeating units {M>(ER)(ER)} and
{M*(ER)(ER)}, wherein each M"* is Cu or Ag, each M® is In, Ga or Al each E is S,
Se, or Te, and R is independently selected, for each occurrence, from alkyl, aryl,
heteroaryl, alkenyl, amido, silyl, and inorganic and organic ligands.

A compound may have the empirical formula

25 (CuixAgo)u(IniyGayAl)y((S1-.S¢€,)R)w, wherein x is from 0 to 1, y is from O to 1, tis
from 0 to 1, the sum of y plus tis fromOto 1,z is fromOto 1, uis from0.5to 1.5, v
is from 0.5 to 1.5, w is from 2 to 6, and R represents R groups, of which there are w in
number, which are independently selected from alkyl, aryl, heteroaryl, alkenyl, amido,
silyl, and inorganic and organic ligands. A compound above wherein x is from 0 to

30 0.5,yisfromO0to 1, tis from O to 1, the sum of y plus tis from 0 to 1, z is from 0 to
1,uis from 0.7 to 1.1, v is from 0.9 to 1.2, and w is from 2 to 6. A compound above
wherein x is from 0 to 0.3, y is from 0 to 1, t is from O to 1, the sum of y plus t is from

Otol,zisfromOto 1, uis from0.7to 1.1, vis 1, and w is from 3 to 5. A compound

14



CumAgo.i (SesBu)3.8Ga0. 21 n0. 7A10. 1 , {Cuo. 8Ago. 2(SesBu)4(In, Ga, Al)1 ,

15{ Cua2Ago. 8( SesBu) 4(In, Ga, A1) 1, {Cuo.5Ago. 5(SesBu) 4Gao. 451 n0. 5A10. 05},
Cuo. 85Agow0i208em B33 3. 95Gao. 51 n0. 7A10. 151 , {Cuo. 5Ago. 5P6eaBa)@»5B] n0. 7
Alo.oi } , {CuasAgo. 05(SesBu) 3. 85Gao. 31 no. 3A10. 4} ,

{(Cu, Ag) (Set Bu) (SenBu) (I n, Ga, Al) (SenBu) 21 ,

{(Cu, Ag) (StBu) (S Pr)(In, Ga, A1) (S11) 021,

{ Cm 40Ago. 10 welRirdik x5 FeRBU) 6'2“9 is 1200 AL R B 6 RENBY) @b of y plus t

20{ Cui . 30Ago. 10(StBt) 1. 4( st Bu;( n0. 85Gao. i'Al 0. 05) cgg?t Bl) 21

{ Cui . 20Ago. 18 st (ie)!1 2 BBl jq |- ds Bowdd 98 A19 06 pRGAEL IR B.5 o féul .

10Ago. 10(Set Bt ) i a i ) m 05Ago. 05 (St Bu)
1298 i 78&@%@%&%@%99 Jé@%g 89&}%9& &&%ﬁ@&é@ﬂoly &Il

i o( Set Bu) ( SemBayfd may W@a@mzbm@e@syelsen&:wtme 0f any Of the foregoing. Each

25{ Cu 1:
i
{ Cuo. 75Ago. m@sm@maﬂb%(m Ime)mpemmr%@aw aR@AILO0 %)Aﬁempmlnay
Cuo. 70A S tB (S.et
. bonge: Tt SR Gt R B GRE ERHERE) s FRhE by havetsge gy o
. 40( Set B1) 2fibmOco@aianito (M (EB(mL) 2} ; {Cl 50Ag0 50( Set Bll)(SenBU)(I no
SGaO 4A10 1) ( Sen 0,9503 0 5G0 4A10 1) (S13102
B e il on ey

e 0 Ot a 1 0 o 1S two Or

StB Set B I 3G Al Set B 1; | Seti 3t)0
S B (o Ryt e bRl ey PR SO otk a0 24
i) (Set Bu) 21418, drpkn&@0RYI, 8lk&Y/1,QREIQKilyIDME ikREARRWAD SrabRVigadRdAone or nore
carriers. 10 An ink may be a solution of the conpounds in an organic

carrier. Arpwu%%ﬁnéeﬁ@ ah’f%naémaﬁwme&a%P%&Opola%raﬁfarawpm nk may contain
one or norepeRRAeENt s sel ected fromthe group of a surfactant, a

di spersant, an enulsifier, an anti-foam ng agent, aﬁrg a Fill er, a
resin blnder, a4Fﬁ%@é‘h@?an@VQ/%@dmﬁlofS}lerﬁﬁmuiaﬁdBE)za%B Dio- oxi dant, a flow
agent, a pl(@&t)% g@;@rB (RE%:%%"H(XBSHY ROSNBA) BRCIRSI-BlBAEAL I on pr onot er, an

extender, a fi condi i oper, ‘an a heS| on pronoter, and a dye. An i nk can
contai n oneRED:-(Rev)B BopdrEhtAB sl St (REY AfBup of a conducting

el um et a1 G R (e Tt SR S LR APSTER L Kol et a

salt, an al M)j iBAa&it h metal salt, a sodium chal cogenate, a

20
R
ER
E y
A B
M\E/M\
| ER
R
B B 5 B
N N NN
E E E E
R R R R
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cal ci um chal cogenate, cadm um sul fide, cadm um sel enide, cadmumtelluride,
20i ndium sul fide, indiumselenide, indiumtelluride, galliumsulfide,

gal | i um sebeniiday23gal | iumtel luride, zinc sulfide, zincPselUspdidms4027 nc
telluride, copper sulfide, copper selenide, copper telluride, nolybdenum
sul fide, nol ybdenum sel eni de, nol ybdenumtelluride, and m xtures of any of
the foregoing. A nethod for making a precursor conpound conprising: 25a)
provi di ng nmonoper conpounds M Bl (ER) 3, nBZ(ER)S 3(ER)3, MER) and

MA2( ER); and contgcting t rmnomschorrpoun erein MBLis In, MB2 is
Ga, MB3 is NAllECu an Wls@ each |sS Se, or Te, and each R

i s I ndepende ﬁjor\&ach 1€ <, al kyl, aryl,
and gani c
and MA2 nay _biot h bé\ \N% n bot g. Each E is sulfur or

30het eroaryl, nd organic |igands. MNAL
sel eni um The\conpou may bepa CAl GARR Al GAS g CI/GAS precursor conpound.
The conpound n be ficient'in a Goup 11 atom he nononer conpounds may
be contacted in a process of depositing, spraying/ coating, or printing.
The nononerecomPBHs BN Bbe.cont acted at a tenperature of from about -60 C
to about 100 C, or fromabout 0 C to about 200 C. A conpound nade by a
process conprising reacting nononers ML1(ER) 3, mu2(ER)3, mu3(ER)3, M ER)

(ER) and W@@@_angg - L]§BA[BH =X MB3 is 5AI, MAL is Cu, and
MA2 is Ag, eac |s§ % IYRE)Z (I )b@gRZ)m(sBl(%lldependently sel ect ed, for

each occur r@kdeBBAR AR ydAB br()RE)z BB{APo&MR)p al kenyl, amido, silyl, and
i norgani c W)%E%B‘)\r (AT d%eﬂa% rﬁ&ﬁ?&ﬁ%ﬁy%@ﬂ%?or%%ge\vﬂeMn%g MAZ are

both Ag. The conpound above rein each E is_sul sel enium The
conmpound abtbveepvmgnlél{w tHR (o isribe lieseaaumﬂ‘@@R)wR(Bw ippneCir GRS, 10

i 11 cal £y o e Sede e IR K A R BRI ES, R 16
fromO to 1, y |PSCdmpmnd)may)have any pge CBfrthﬂme@eat@thformlhi@S'sum of y plust is
wis fr b 206408 G Qe PR b Gt her e are win
number, whi mo_%@.s(%mmdmatﬂ ){CS@II@@GMSAM@(&%%W”{Cm(SeFBu)h@ker oaryl,
{Cuoo(Se’Bu)3oGag7Algs}, {Cuoo(Se’Bu)solngsAloa}, {Ag(Se’Bu)iAll,
{Ag(Se’Bu)slng7Alys}, {CugsAgos(Se’Bu)y(In,Ga,Al)},
{Cuo7Ag0.1(Se’Bu)s sGagalng7Alg 1}, {CugsAgoa(Se’Bu)y(In,Ga,Al)},
15 {CuprAgos(Se’Bu)s(In,Ga,Al)}, {CugsAgos(Se’Bu)sGag.asing sAlgos},
{Cuos5Ag0.1(Se’Bu)s 95Gag.15Ing7Alo 15}, {CuosAgos(Se’Bu)sGagslngs Aloor},
{CugsAgoos(Se’Bu)s ssGag sIng3Alo.4}, {(Cu,Ag)(Se'Bu)(Se"Bu)(In,Ga,Al)(Se"Bu),},
{(Cu,Ag)(S'Bu)(S’Pr)(In,Ga,A)(S'Pr)s},
{Cuy.40Ag0.10(Se'Bu)1.5(Se"Bu)(Ing7Gao25Alo 05 )(Se"Bu)s} ;
20 {Cu130Ago.10(SBu)L4(SBu)(Ing.ssGag.1Alos)(SBu)a};
{Cu1.20Ag0.10(SBu)1 3(S"Bu)(Ing.s0Gao. 15Alo.0s)(S"Bu)a};
{Cup.10Ag0.10(Se'Bu)1 2(Se"Bu)(Ino.75Gao20Alo.0s )(Se"Bu)a ) ;
{Cuy.05Ag0.05(SBu)1.1(Se'Bu)(Ing 7Gag2Alg 1 )(Se'Bu),},
{Cuo90Ago.10(Se'Bu)(Se"Bu)(Ing.7Gao2sAloos)(Se"Bu)} ;
25 {Cuqs5Ag0.10(SBu)oss(SBu)(Ing.ssGao1Aloos)(SBu)a};
{Cuo.50Ago.20(S'Bu)(S"Bu)(Ing.s0Gao.15Alo.05)(S"Bu)2} ;
{Cuo.75A80.20(Se'Bu)o.os(Se"Bu)(Ino.75Gao 20Alo.05)(Se"Bu)a};
{Cuo.70Ag030(S'Bu)(Se'Bu)(Ing.sGao2Aly.1)(Se'Bu)s};
{Cuo.65Ag0.30(SeBu)oos(SBu)(Ing sGao3Aly 1 )(SBu)};
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15al kenyl, am do, silyl, and inorganic and organic |igands. The conpound
above wherein x is fromO to 0.5, yis fromOto 1, t is fromO to 1, the
sum of y wbusio1rs8fromO to 1, z is fromO to 1, u is PComsRIp/osms1. 1, v
is from0.9to 1.2, and wis from2 to 6. The conpound above wherein x is
fromOto 0.3, yisfromOtol t is fromOto 1, the sumof y plust is
fromOto l, zis fromOtol, uis from0.7to 1.1, vis 1, and wis 20

from3 to 5 ha QM mwheeeiymyx is from0 to 0.2, yis fromO to
1, t |sfro{mu-oglgb gw(gé %@Inm}{?;gj@ % is fromO to 1, 2|sfrom0tol

uis fron1OK?MU@%QW@%BWX§§B@XHE %MAb$X$¢BﬁkB 5to 4.5. An article
conpri si ng 3&&8£m¢§@)9@ﬁgﬂag) or.All N §T§g§cr|bed above deposited onto a

substrate. e article above wherei'n t epositing is done by 25spraying,
spray coat|ﬂ@mué@nayﬂ@éﬁbgﬂlm@ﬁhogﬁoé@3BymblyS|s printing, screen

Printing; | AKL St PG, s @BLRAglGL Sk 4t ng. [k printing. et

printing, t|n nti pad printing, flexographic
printing, gﬂamumgo@ﬁﬂmﬂﬁh@hm@@nﬁanﬁprSﬁan@ reverse printing, thernal

printing, [ i_nting, electrodepositing,
electroplat %@% (ggﬁb é?? @ggﬁgk%ﬁﬁg%osétlon coating, wet

30coat i ng, Shmnﬁ@@@ﬁ%ﬁ@hGhmﬁheﬂﬁ@a@kﬁ@h}roIIer coating, rod coating, slot
di e coating, neyerb coatin irect co ting cqﬁlllar coating,

1 qui d-deposi {1 o EgrtRTge B gbbPrsor 8o eGP mesf it Eron, " <pi n
cast|ngu)qumhmqmwaﬁﬁmbmgm1ande canfiun@tih amsrgaiic aityieofAd inke nfapc@gaaing. The
article abov mhere%ghthe sgghﬂ%ate is selected fromthe grou 8; a

seni conductbtoPR %48 St conIN e BMOTG SPPPUIS FEETHS

i nsul at or s, thgLRSE of ARIKBERNMKEHASS an Srhlilkiier) al amfodﬁmgtagéraru dRrdd oxi de,
zinc oxide, silicon nitride, a netal, a nmetal foil nol ybdenum al um num

beryl |'i um G5arA raH bides dhickensr ghyitrryitcaeiier, awﬁﬁ%fdanfgaﬂpw&&?nt@m d, |ead,

nmanganese, Lmln}é#aaemnduai F%lgent R Bl 2dion pofblcR UkexteRRRIaU hodi um
silver, stainless steel iron, 5strontium tin, titanium tungsten,

zinc, zl%¥ co«‘mnélﬁlpn% w@h¢810&|nr@§>0teraalr¢e% die. njipleFageconigingse a1 mewr bi de, a
pol ymer, &hﬂ;%hén@s se?ecfé@ﬁ%%é g&% @g)glﬂuctlﬂ 59191%13/ Ufer m@taPQﬂWe?Ef bl end, a

pol yet hyl ene terephthalate, a po ycar bonat e; a” polyester, a pol yester film
a nylar, a ybnideislyer snlﬂslg,rqomer Hp@ﬂlyvdlmylmqﬂaémllfulrrumﬁtahi@nc ale]@d)laye_t hyl ene, a
pol yet her 188 m@aPR M%ﬂﬁét&l%lft %ﬂ%lﬁa&eg&hxﬁeﬁ?éh%?&ﬁum @ha‘?c[% Yl ge.

pol yvi nyl ch orfge, an l1lOacrylonitrile butadiene styrene po § ner, a

si licone, ankmpmxwﬂagaerpmm@an@dﬁpapahmummdbndﬂbnmamnomﬁnwk any of the

for goi nﬂ) ﬁlu%r e 1nﬁ%bl%v glemg rll?dlllllfltte%rlae ?gléul%tsglﬂdg g%lli?nqh%%%ﬁldEUbSt rate

i ncl udi ng a ‘a plane, a
pl ate, a bl@tlam alluMeezmaSLdﬁdevadc salﬂniic&can@rellaruk:pbc@pen sdlfidd, avppdrod f or maki ng

an article, 5 i,di n conmpounds or
ke descr | isippas iR ey Sk BOR b ER R BBy R depost 1§ ng

t he conpoundBurie, indksix@Rdk of hifjeofShldicsaing. The met hod above wherein step (c)
is repeated. The ne ggﬁab ve further co S|ngﬁheat|ng the substrate at a

tenperature of £ B [ N1 TOR S o >\ o 010y %2 YRvert 20 the conpounds or
i nks toxs mat er iagbroviling MiohReEc Ve MP by, MBI, NIPgEg A ER )

and M**(ER); and

b) contacting the monomer compounds;
wherein M®! is In, M®? is Ga, M®? is AL, M*! is Cu, and M™ is Ag,each Eis S, Se, or
Te, and each R is independently selected, for each occurrence, from alkyl, aryl,

30  heteroaryl, alkenyl, amido, silyl, and inorganic and organic ligands. M*' and M*?
may both be Cu, or M*' and M*? can both be Ag. Each E is sulfur or selenium. The
compound may be a CAIGAS, AIGAS or CIGAS precursor compound. The
compound can be deficient in a Group 11 atom. The monomer compounds may be

contacted in a process of depositing, spraying, coating, or printing. The monomer

17



the substrate at a tenperature of from about 100C to about 400C to convert
the conpounds or inks to a material, followed by repeating step (c). The
nmet hod abwoeofwumviser conpri sing annealing the nmaterial pgTIESat10/0g406Me
substrate at a tenperature of from about 300C to about 650C. The net hod
above further conprising heating the 25substrate at a tenperature of from
about 100C to about 400C to convert the conpounds or inks to a material,

and anneal i Qghdo(Ris RS 6 dRltacRY a@t%bagmmﬁffoab@&oﬁ%@o@&o aohereecat ure of
from about 300C to about 650C. The met hod above further conprising heating

t he subst r atrdrom abgut @Hptrakewr2806€- f rom about 100C to about 400C to convert
Lhe conpounds ora kl%uhOuRNB Efbak. cigRes tgtrédagngasnw neg)or i nks

30onto the substratg anriea ; erial by heating t e substrate
at a tenperMt (ER):OM FBm MBSHR) BU0E G abbureindatcy TG Mttt Bbove. f urt her

COMPri SiNQ: o) e of Dha eaking. Jhﬂ% iS4bsd ¢ Iai“@ af'i‘cﬁ R%%g%ﬁgeﬂ%gég?c?%r from about

100C t o about to convert”the conpoun
(e) deposi tiiongach he:ua:l@m@ofmusllqyt amhl&steom}d atllttayls abstor alyk pnd mprgasipeat i ng

steps (d) an neal in & |t el aI heat g t he
Substrate aat(ao%alliC hgranc%s Thec?n(‘(g)"om ab St‘ﬁhe 5‘01% tg%é\g t?)o%v) e net hod
above furt rm]kiM‘é?mparbcsln Ag: The compofink) atheatvhergintcheh Etstmstfmatreelamum t enperat ure
of from about 100C to.about 40QC to conver inks to a
mteral o He R R s SefR e Al R O S et no ¢ he
substrate agrecirdoe tREFRBATr 'Ehdlfonfpbﬁ)rm oo heaFBI0 @&dbn@bﬁnﬂtha@ﬁ@@mp&fbdl 10(f)
repeating s ) an Th thdabov furt her rising an
opt i onal rIQB'E‘H? é‘éiﬂéén V(%ﬁeqa)ﬁgs Ao * @ tRE tOo]e’ﬁ”dsr g‘B&url ng or
after any Stbﬂpn@ffroﬂﬁmﬂ'o'lnﬂle@ﬁm@ 9mlsmqmnﬁoma1 end @dm bay i NGis log espi ri cal
formula (Cui _xAgx). (Ini )v(Si _zSez),v, where X |s fromOto 1, y

is fromo t§T1D, ves ﬁr@npr%‘ﬁié wﬁr% 210 6rnd RoigpctsmisyR sopis. of Wiich eicom 0. 001
to 1, z is f&QMhQuhBerlwhibh b ifdePRdOnE eRctdd Rom\alky$ afy1ftPoapyit © 1.5, and w

'S 15 alkenyl, amido, silyl, and inorganic and organic ligands. The compound above
wherein x is from 0 to 0.5, y is from 0 to 1, t is from O to 1, the sum of y plus t is from
Otol,zis fromOto 1, uis from 0.7 to 1.1, v is from 0.9 to 1.2, and w is from 2 to 6.
The compound above wherein x is from 0 t0 0.3, y is from 0 to 1, t is from O to 1, the
sum of y plus tis from O to 1, zis from O to 1, uis from 0.7 to 1.1, vis 1, and w is

20  from 3 to 5. The compound above wherein x is from 0t0 0.2, y is from O to 1, tis
from 0 to 1, the sum of y plus tis fromOto 1, zis from O to 1, uis from 0.7 to 1.1, v
is 1, and w is from 3.5 to 4.5.

An article comprising one or more compounds or inks described above

deposited onto a substrate. The article above wherein the depositing is done by

25  spraying, spray coating, spray deposition, spray pyrolysis, printing, screen printing,
inkjet printing, aerosol jet printing, ink printing, jet printing, stamp/pad printing,
transfer printing, pad printing, flexographic printing, gravure printing, contact
printing, reverse printing, thermal printing, lithography, electrophotographic printing,
electrodepositing, electroplating, electroless plating, bath deposition, coating, wet

30  coating, spin coating, knife coating, roller coating, rod coating, slot die coating,
meyerbar coating, lip direct coating, capillary coating, liquid deposition, solution
deposition, layer-by-layer deposition, spin casting, solution casting, and combinations
of any of the forgoing. The article above wherein the substrate is selected from the

group of a semiconductor, a doped semiconductor, silicon, gallium arsenide,
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from1l to 3. The material above wherein x is fromO to 0.5, yis fromO to
1, t is fromO0.001 to 0.5, zis fromO0.5to 1, uis from0.7to 1.1, vis
fromO.9 wo2u101788d wis from1.8 to 2.4. The nateri al pabaseomioesin x is
from0O to 0.3, yis fromOto 1, t is from0.001 to 0.3, zis fromO0.5to
1, uis from0.7to 1.1, vis 1l, and wis from1.8 to 2.4. 20The materi al
above wherein x is fromO to 0.2, yis fromOto 1, t is fromO0.001 to 0.2,

z is from GpnQudters Lalasy, meiyﬁdeﬁ]ml%lazs mcén dioxi¥e, ti®inhm éiﬂﬂdé”zln% okiggm 2.0 to 2. 4.
The material above wherein the material is a sem conductor. The materi al

above wher efilicon miride e aitada metal; fail raedydspym.cumaingg; heryliivms cag@ivgpt oel ect r oni ¢
devi ce COMRLlishghe ifinTBUR! Whp@bNifim 290 [ AOMlal Rl FRKG, ™t er i a

conpri si ng, (a) providing one or nore compounds or i nks “above; (b)
provi di ng anigkehoeHashivm, p@%l)lume@@stuml hgditpesityonrpounrdsstent, stask omnt o t he

Substrate: kil A Babl AOLh DS RS AR AuRly Ack AIBELARYES Rlacl g om about 20

C to about g n-an tm)sp ere produci ng a nateri al
havi ng a t hingtkinegsdeot plywen, @ pBStc, aoormmwp@bmmtae:opolyﬂihea relymod above
wherein th%ﬂsu st r.at S .heat eratur pt 100 Cto

about 550 2 pyl etﬁ}él BoU re@ﬁﬁﬂﬁe’ta&oayﬁ%ru 06 PRy erp%% 659 W& devi ce
conpri si ng mylanh@b]yainyrmdﬁdapotmmymnhcﬁldomimowpolyetmrleﬂu mpa‘)lyd:tmrnmtierl al nade

by a process OVIdIn ounds or inks above;

(b “oovt a t ST Pap b B el s PG Re BB KIREEER T nks onco & he

substrate; aadon{il) bliekdne AGrdnb@oly ﬁhl’sﬂib@leain@)okﬁl}ﬁ@d’rﬁdoufe&p er,fan@m about 20
b RdoB(it) buft beolytid ofer f b

Cto about 6 Cin nin t at nospher t her eb roducjng a thin film
mat eri al P2LORH @RY] ¢ freqing a@lﬁe a[bBV"lﬁ%e %P H!éﬁ‘gp 8The thin film

mat eri al abm&d\@h@s&@tenndlﬁtﬁngmsé Ll Bndes a6 ¥9d 2 pidd atsﬁaﬂoagﬁénurae of from
about 100 C to about 550 C, or from about 200 C to about 400 C. The thin

film nmat er i BFte00; 2 vae, ap?“(‘SYf‘@sS%r 356 1°f AdrheEYthpr i si ng an 1Ooptional step of
sel eni zation or Spkfibl k%@t .an SHicRethe RRERURomPMGANY or after steps (c) or

15 (a) providing one or more compounds or inks described above;
(b) providing a substrate; and
(c) depositing the compounds or inks onto the substrate.
The method above wherein step (c) is repeated. The method above further comprising
heating the substrate at a temperature of from about 100°C to about 400°C to convert
20 the compounds or inks to a material. The method above further comprising heating
the substrate at a temperature of from about 100°C to about 400°C to convert the
compounds or inks to a material, followed by repeating step (¢). The method above
further comprising annealing the material by heating the substrate at a temperature of
from about 300°C to about 650°C. The method above further comprising heating the
25  substrate at a temperature of from about 100°C to about 400°C to convert the
compounds or inks to a material, and annealing the material by heating the substrate
at a temperature of from about 300°C to about 650°C. The method above further
comprising heating the substrate at a temperature of from about 100°C to about 400°C
to convert the compounds or inks to a material, depositing the compounds or inks
30  onto the substrate, and annealing the material by heating the substrate at a temperature
of from about 300°C to about 650°C.
The method above further comprising:
(d) heating the substrate at a temperature of from about 100°C to about 400°C

to convert the compounds or inks to a material;

19



(d). A photovoltaic absorber nmade with a thin filmmaterial above. A

phot ovol tai ¢ device conprising a thin filmmaterial above. A

phot ovol twDcorbBo38er having the enpirical formula PCT/US2010/044057

(Cui _xAgx).(Ini y tGayAlt)v(Si _zSez),, where x is fromO to 1, yis fromQO
to 1, t is from150.001 to 1, the sumof y plus t is from0.001 to 1, z is
fromO to 1l, uis from0.5to 1.5, vis from0.5to 1.5 and wis from1l to

3. The phot ovol t%‘)dé @sbtﬁfgrtp@éon%em omgghtetmugsﬁfafeom 0to 0.5 yisfromO
to 1, is from Blto 0.5, zis from0.5to 1, Uis from0.7 to 1.1, v

is from 0.9 to IDrxepeating sgps 6pdfr):and t o 2.4. The photovol taic absorber
above wherein x l%)saniléa@imggletrﬁatglaig%y Hea'tlﬁg Ihregﬁﬂsgat%‘at él-temli)eljat%réc (Ff(ffgnp 001 to 0.3,

zis from0.7 2 uis from 1, vis 1, dwis from1l.8 to
2.4. The ph@louwpf%t%ababtsﬁéﬂ%r above wherel nxis fromO to 0.2, y is from

0tol, ¢ 'Sfr%e%eg%g}aBgve%ﬁher Olhﬁﬂsfn{om08tol U|sfrom07t011 Y,

is 1, and wis from Gvol tai c device conprising the
phot ovol tai c abs{d)rbemn@tb@myra@e styistt:repnraitowe off frowi athbwitg 081 (otabow A0 BOWer

conpri sing a ghot voltaic device abave. A method for providing electrical
nvert the cont oun s stoa[linater al;
power 2500rrpr| sing usi ovol talrc system above to convert light into

el ectrical energy) anﬁearhraghredeﬂmbndmiorngteaalmydteﬁmgltheasmstmbesmaber | ayer on a
substrate co r|S|n 1din fol re conpounds or inks above;
(b) provi dltﬁ tfrroé}%)oet(@g (gto%gflttnq%ﬂgd aﬂg conmpounds or inks onto the
subst r atee; and ?QQ(reBeaﬂﬂeoras&dplgc)t(ldﬁarﬁiL(b)strate at a tenperature of from about
100 C to abgut 650 in_anp inert .atnosphere ereb ro

phot ovol t ai e%?ﬁ?%gPV? B‘Fr Cﬂ%‘@flﬂ&g%{l?lﬁ‘noﬁ flsa Qp%ﬁle“f%Bﬁi SB@T”%BOI&OO

m cr omet er Seithdheféretduady albﬂwearg@% peIfMedting oﬁhlbéﬁlfn%te is heating at a

t enperature of from about. 100 to about 550 or fromabout 200 Cto

about 400 C. The" matHed2sBe s Wﬂrtq%bﬁorre%b%sﬁﬁgu(@m SPrdlonal-Setep of

sel em zat i opp@E x JULIMD kZ Byl i@ Rom® thefis BERY @1 (SUrthdeinPbf Bfiheris steps (c) or
(d). Eir;ot ovol tai ¢ devicé conprising a photovoltaic absorber |ayer made by

t he net hod &wB0&01 & Eaps from &lto 1.9t infiloa0- o Int.edufreBi- Tiertpo arbs is Thi's
di sclosure pravidesTh. HaBea aeéve(%@eyerm IsGrd EEH.5.9is ROAMAYNISis A3 ng two or

nore different netal atons and al cogen atons. I'n certain aspects, a
pol ymeri c p?-@lte H6x z sdrmpodado bom%épmsp st lal, vas oem 0.%tad - latwshs isoffon® oup 13,

s el 22 FEUP P o BAShSRLONY, o IERE, RGN B3 A0nbnicd o one
one or nor €0.0¢lgafdszis from 0.5 to 1, uis from 0.7 to 1 1,vis 1, and wis from 1.8 to 2.4.
20  The material above wherein x is from 0 to 0.2, y is from 0 to 1, t is from 0.001 t0 0.2,
z1s from0.5to 1, uis from 0.7to 1.1, vis 1, and w is from 2.0 to 2.4. The material
above wherein the material is a semiconductor. The material above wherein the
material is in the form of a thin film. An optoelectronic device comprising the
material above.
25 A method for making a material comprising,
(a) providing one or more compounds or inks above;
(b) providing a substrate;
(c) depositing the compounds or inks onto the substrate; and
(d) heating the substrate at a temperature of from about 20 °C to about 650 °C
30  in an inert atmosphere, thereby producing a material having a thickness of from 0.001
to 100 micrometers. The method above wherein the substrate is heated at a
temperature of from about 100 °C to about 550 °C, or from about 200 °C to about

400 °C. A photovoltaic device comprising a material made by the method above.
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A polyneric precursor conpound may be a neutral conpound, or an ionic form
or have a charged conplex or counterion. In sone enbodinents, an ionic form
of a pol yweroo/qrsgur sor conpound nay contain a dival enPCRaiSad10a84987 or a
di val ent 15nmetal atom as a counterion. A pol yneric precursor conpound
may contain atons selected fromthe transition netals of Goup 3 through
Goup 12, B, Al, &, In, T, Si, G, Sn, Pb, As, Sb, and Bi. Any of these

atonms may be bongﬁlqlﬁ&ﬁ%rlgrma@pgﬁag;&% C§ﬁb&qﬁ§d fromatons of Goup 15,
S, Se, and Te, as well as one or nore |igands. 20A pol yneric precursor

conmpound may cor{%)alr%w@mg)ﬁ%e Ganae eQBPuUpSYATNRKS apgve: Pt | Cu, Ag, Au, Zn, Cd,
Hg, B, A, G, ra_V1d1n§'asut§§atesn Pb, and Bi. Any of these atons may be
bonded to one or more atons selected fromatonms of Goup 15, S, Se, and Te,
as wel |l as one d¢) depesetingithgnarpounds os ovke ortirciubsiratos anda pol yneri ¢ precursor

conpounds may Co Qgﬂ{egmfgt tﬂﬂ&b@ézﬁ@ llt%qgrﬁge;étglg%g ?ggle%gut %R 1(FRnoul B50 A -

Ge, Sn, and Pb. ese at ons to one or nore atons
sel ect ed frlomnateotrmn@ﬁphﬁ dhmebbfaqroﬁ,cmSe thiarﬁdinmterabhmaﬁiglathiskrwﬂ@ofor nor e
l'i gands. nme regur.s o und may
contain at ofrrr%mgé) {@ mome& rn[tAle’thI%ﬁ E‘é{g%fl a%O%Wﬁ |S,u Sg% Bn, and Pb.
Any of thesl&:aﬁﬁgyamtesrm/erﬁﬂebéfrbmraﬁ@d 10@°© neabotit SFOIPE, @rrfajncﬂ@emm)t"dirrs, as wel |
as one or

n . so var, ations ol ynmeric precursor
commound. oy bl o i e SRRl B st rr e unbERaE i P . of
t hese aI(DnEopﬁ'ayallQ&p bosettaibation @nelfgiizati®d, eitlad Béﬁr@&drﬁ@toedftérrs&m ®)oSe, and Te,
as well as e o nore. | nds yner | ecu cture, and
properties(gRP%pE%Pﬁ%% %g?bmﬁmﬁFﬁﬁkﬁﬂﬂPf@n 5%% BYGC%HE OYaSE ¢ hi s
di scl osure &ﬁﬁeb@myﬁmggﬂﬁimanhugﬂﬂa&ﬁ@peratures Pol ymeri c precursors can
be used for making | ayered materials, 5optoel ectronic materials, and

devi ces. Using pbP roitélcﬁ?séé%ﬂE%’F@thﬁ%ml%é@%iay al lows control of the

st oi chi onet @y, A4, 5 He! #G@Alt?m S8} ffefk 1s\/1@(5ﬂ1@lt'§l%x@%m|mtoq MRien al , layer,
or sem conduct or meri c precursor conmpounds of this |nvent|on may

be sol i b, G tad. i swm pbwple | bifiog Q- eHHer at it 0 Yelhidoire@d,s [l dwabl e
sol i ds, gung;s Rk 6.5 RPEE -ahli KGis §Bh 105 3. Jfﬁl%hé{ox%ﬁ@étaﬁi%%éab whiefitH €S at

anbi ent tenperatures, or tenperatures noderately elevated from anbient.
Enbodi ment sis domhiod). Wiy scirers Qrte Lt thafrom PO .oz lafromé)rﬁa‘@rlatl irfewn noder at el y

el evated fromanbi.ank, 6y Brlol‘“af?c?w%yﬂﬁﬂl%rtoBMOGI%%ﬁfi‘&bv % al %?blr idpr oduct i on of

sol ar cell s and ot her products, as we he en ance ty to be
processed oabome whertigtxyis GHmOUb O3k misdpon fed Ldisrigorh D681 ol (63, gubkomAt’es. 151 n

general,, a Bql YRELISoRISEHI SR, SAPRUA: £ D8 PROGRIRSHait RGP the

above wherein x is from 0t0 0.2, y is from 0 to 1, t is from 0.001 to 0.2, z is from 0.8
tol,uis from 0.7 to 1.1, vis 1, and w is from 2.0 to 2.4. A photovoltaic device
comprising the photovoltaic absorber above. A system for providing electrical power
comprising a photovoltaic device above. A method for providing electrical power
25  comprising using a photovoltaic system above to convert light into electrical energy.
A method for making a photovoltaic absorber layer on a substrate comprising,
(a) providing one or more compounds or inks above;
(b) providing a substrate;
(c) depositing the compounds or inks onto the substrate; and
30 (d) heating the substrate at a temperature of from about 100 °C to about
650 °C in an inert atmosphere, thereby producing a photovoltaic absorber layer
having a thickness of from 0.001 to 100 micrometers. The method above wherein the
substrate is heating at a temperature of from about 100 °C to about 550 °C, or from

about 200 °C to about 400 °C. The method above further comprising an optional step
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application of heat, light, kinetic, nmechanical or other energy to be
converted to a material, including a sem conductor material. In these
processeswoaopallyaseri ¢ precursor conpound undergoes a t PaMAISLI10/044087 becone
a material. The conversion of a polyneric precursor conpound to a nmateri al
can be done in processes known in the 20art, as well as the novel processes
of this disclosure. Enbodi nents of this invention nmay further provide
processes f@isciaRmbiidd o RiIRSLARH! QMbCoMBE quhﬂé@raf%%tgﬁ%m @he synthesis of a
pol ymeric precursor conpound, t he conpound ¢an eposi ted, sprayed, or
printed ontRhoKVElimE fevigeaompriving ¢ ppgo &1ﬁ§b50(§§>ﬁ%?r§1’14§1ﬁ by fthehrthesbl ymer i ¢
precursor cgapound to a material can be 25done during or after the process
of depositing, spraying, or printing the conpound onto the substrate.

A pol yneric precursor conpound of this disclosure may have a transition

t enper atyur ? gésggg g % E E g about 300 C, or bel ow about 280 C
or beloﬁ# eEB &1 QM%O§ Qlﬂgn% m’&h’Mb C, or bel ow about 220 C, or bel ow

about 30 200C. This disclayuis@meides peaizs of poyyererirecupoecun®onds lefing hi s
di scl osure |nclude $H£ecu &%a&mmanﬁcﬁﬂ”9|t ﬁrocessable at tenperatures

re rent cogeti a
bel ow about P08 ™ certal i aspect’s meric precursor can be fluid,

fl owabl e, fIomaﬁhemnmiﬁpmmga@&hnmn&pﬂmﬁknb&MQMmdebmamommmbm@mgah@res and
can be processed eat solid nea | owabl e | t fl owabl e
Sl o bum SEREBSOS Kb S e & S TRkl R B R T ¢ ai n

enbodi nment sbonaemlonwmsrepfmwmsaéd frsmAwints dICRERSISaP) S, Al T, id waabl e nel t
at a tenperature beI out 200 C, or bel ow about 180 C, or bel ow about
160 C, or H@Fﬁﬁpbﬁﬁﬁ %1 - C, or below about 120 C, or bel ow about 100 C, or

bel ow about 580 ApolPetthrediir@dbesthpdfd fay 8¢ a BaltRVe@RRUAd, $ParGonic A
pol ynmeric precursor conpound of this invention can be crystalllne or

anmor phous, RA® %éﬁvwhé@eﬁa@%pl%or\ﬁawtw AB ARBGRRRAGENEY, GRionis form pol yeri ¢

precur sor cmmrlwyecww&h@oﬁﬂdqﬁa%maﬁfaquaﬂ@heian agme&tascmgémportl ons of
| i gands that can be renoved under d conditions, at relatively low 10

tenperai%re@mabﬁﬁnﬁh%@émwﬂénprOV|de a facile route to convert the polyneric
precursor 0 a mRpayhalc QaRRRLERAHERAT ol abhd300Seq Rim R atoms of fhe

| i gands, may be renbvable in various processes, including certain nmethods
for deposi ttlrarngltlospxe&@sm&rowhp}ughﬁrm 1228, ek, lasTlp§i, Gppin, BtAson of

energy. Sb, an of%!@‘ﬁgﬁglﬁl?ly%e bGREH cﬁle%L haW a‘?ﬂﬂ?{%&%d QR rol over

the structuré o a sem conduct or naterial nade wit e po yneric
precur sor GnmpﬁuﬁawumiSﬁ%S@an@Wem@m&Has@@kymnn¢hg@decursors for

sem conébu ctors 6}:{‘801918& rgcuti'soﬁ) Iﬁpsou(lﬁ/ﬁl %lta% §t)oms selected from Ni, Pd, Pt,
Cu, Ag, Au, Zn, Cd, Hg, B, Al, Ga, In, T, Si, Ge, Sn, Pb, and Bi. Any of these atoms
may be bonded to one or more atoms selected from atoms of Group 15, S, Se, and Te,
as well as one or more ligands.
In some embodiments, a polymeric precursor compound may contain atoms
25  selected from Cu, Ag, Zn, Ga, In, Al, T1, Si, Ge, Sn, and Pb. Any of these atoms may
be bonded to one or more atoms selected from atoms of Group 15, S, Se, and Te, as
well as one or more ligands.
In some embodiments, a polymeric precursor compound may contain atoms
selected from Cu, Ag, Zn, Ga, In, Al, T1, Si, Ge, Sn, and Pb. Any of these atoms may
30  be bonded to one or more chalcogen atoms, as well as one or more ligands.
In some variations, a polymeric precursor compound may contain atoms
selected from Cu, Ag, In, Ga and Al. Any of these atoms may be bonded to one or

more atoms selected from S, Se, and Te, as well as one or more ligands.
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This invention provides a range of polyneric precursor structures, 20
conposi tions, and nol ecul es having two or nore different netal atons.

In sonme ewbadivwam3s, a pol ynmeric precursor conpound conrarus2avomsVB of

G oup 13 selected fromGa, In, A, and a conbination thereof The atons MB
may be any conbination of atons of Ga, In and Al. These

pol ynmeri c precursor conpounds further contain nonoval ent netal 25 atons MA
selected from Cu, Ag, and a m xture thereof The atons MA may be any

conbi nati on of atons of Cu and Ag . The polynerlc precursors of this
di scl osur e Radvingsic pregEsOREruSHIg 3dDERDS ey g0 coor di nati on pol yners.
The pol yreri c pr@g&&ﬁaﬁépreéurgom&nﬁuuﬁ&bprﬁwd%c ¢ B BERIRSA AhBHlnd N di f ferent
30ways, using different Tormulas to describe t e same structure. In

some aspect tsmperagyesisy Relyinerippreeusososandp usddifer milded loxuedmptayalhe a

distribui cgbt&flecﬂ&lué( Eﬁ{engﬂla%ﬁ‘dle\%éeso fiﬁlg%bf}ﬁreflg- E%tﬂg&%éd\}aﬁ't%% Tlgay encorrpass

nol ecul es chai ns having a range o arn Si zes.

pol yneri c pﬂb@ﬂp@ﬁnﬂoﬁmebewhwnﬁktwnanm® gud|rytros 0§ yarpob ytoms imo| ecul es or

chai ns. The 'ﬁhrﬂbuﬂh%Q mmu%m50|yner'c precursor can be centered or

wei ght ed about  a p% scul ar wei ght or chain nmass.

Enbodi nent s of tH@iﬁndriﬂ‘pﬁiOﬁﬂsﬁTboﬁlpbﬁﬂtbbf thisduvalgopmby begalids, poleswitor s t hat can

be described a B alternatln .addi ti on. copql ynmers. he AB ternating
addi 1 on copuIRTE FabiRnGarerapiEo e R B Bk et rBhRreeR iR The
repeat i t&lyAubdighcB, af kqueahardieieht\t@tbdrito, ar teaper@iies nidiRratedpeat units A

and B may al so referred_t S bei ners al t hough the enpiri cal
formul a of FBRE ?“W@?@mﬁ1FF@?@H?”@Pgﬁﬁgﬁﬁ(@Wﬁ'W?@ﬁﬁmFB%Hﬁpﬁmﬁ?ﬁ?epeat uni t

A. The nonomBderft@ll ciatedfiohambiaERzh prdm@rsapd%r p@c@shbqnyﬁgprduazﬁhﬂ nmononer
for MB can be MB(ER)3, where MB is or m xture of Ga, In and

Al . In a pothyair fr‘eéls ﬁ%?fm@&?ductﬁm@ﬁ&raéth@fenkaenp?drﬁbﬂttzst%%%%?sg 8f2B to

provide a pakiRIF e in¥h&hE BExibleR@RkatecYCl i C, or branched, or of any
ot her shape, that has repeat units A, each having the formul a { MA(ER) 2},

and repEat unitdn geneéaéz@rpoﬂw]gqrﬁ@recursor compound can be processed through the
application of heat, light, kinetic, mechanical or other energy to be converted to a

material, including a semiconductor material. In these processes, a polymeric

precursor compound undergoes a transition to become a material. The conversion of

a polymeric precursor compound to a material can be done in processes known in the
20  art, as well as the novel processes of this disclosure.

Embodiments of this invention may further provide processes for making
optoelectronic materials. Following the synthesis of a polymeric precursor
compound, the compound can be deposited, sprayed, or printed onto a substrate by
various means. Conversion of the polymeric precursor compound to a material can be

25  done during or after the process of depositing, spraying, or printing the compound
onto the substrate.

A polymeric precursor compound of this disclosure may have a transition
temperature below about 400 °C, or below about 300 °C, or below about 280 °C, or
below about 260 °C, or below about 240 °C, or below about 220 °C, or below about

30 200 °C.

In some aspects, polymeric precursors of this disclosure include molecules
that are melt processable at temperatures below about 100 °C. In certain aspects, a
polymeric precursor can be fluid, flowable, flowable melt, or semisolid at relatively

low temperatures and can be processed as a neat solid, semisolid, neat flowable melt,
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15 the formula {MB(ER)2}. The repeat units A and B may appear in
alternating order in the chain, for exanple, ABABABABAB. In sone
enbodi nerwe,20a/pad3gneri ¢ precursor may have atons MB of PG/USRotoAmdSAl wher e
the different atons appear in randomorder in the structure. The polyneric
precursor conpounds of this invention nay be made with any 20desired
stoichionmetry with respect to the nunber of different Goup 13 elenents and

their respegdib oAl Ig%l rubB&- 1%%1@&1&5%@&%&1‘ oﬁlquQi WH®Ertatn Precur sor
conpound may be control [ed through the concentrations of nononers, or

repeating uiRlogdinmants héolmpmﬁ%waismselmm«teﬁ@bbraééu.fﬂp%l?lg mefapp| yneri ¢
precursor CQpaH HEP&GVQ%u{@féec%ﬁﬂélcﬁrﬁ%o%ﬁgo“%doﬁ&e%%ﬂoﬁﬂﬁior% Y th respect

to the nunber of different Goup 13 el enents and 25their respéective ratios.

I n sone aspetavsabouhl4) @i gtbeclwm@upmwﬁdelsbqhm st 1 Q9 bk echalayorouivhi ch are

I nor gani s having one of the follow ng
Fornulaéglﬁﬁﬁréuﬁﬁpa%M&%b@g BQT&?%Egggag(AB).] Formul a 2: (RE) 2-[ (BA) " B]
Formul a 3:( RE) 2- ABB(lﬁByfic Iﬁ@crumsvk aondpo(uRE))chB(nAB)lﬁcBl canpecrystaBingor For nul a 6:
Formula 7: |la 11: Formula 12:

For mul a 13: STty B iyl Bt g ORES ei By &
(RE) 2- ( BA) " B( BA)A polegedtiefrédd)dor cofnfoaqBapy ciftizh AgdndB)or AABB)ffagments, or
portions of ligands that can be removed under mild conditions, at relatively low
10 temperatures, and therefore provide a facile route to convert the polymeric precursor
to a material or semiconductor. The ligands, or some atoms of the ligands, may be
removable in various processes, including certain methods for depositing, spraying,
and printing, as well as by application of energy.
These advantageous features allow enhanced control over the structure of a
15  semiconductor material made with the polymeric precursor compounds of this

invention.

Polymeric precursors for semiconductors and optoelectronics (MPP-CAIGAS)

This invention provides a range of polymeric precursor structures,
20 compositions, and molecules having two or more different metal atoms.
In some embodiments, a polymeric precursor compound contains atoms M® of
Group 13 selected from Ga, In, Al, and a combination thercof.
The atoms M® may be any combination of atoms of Ga, In and Al.
These polymeric precursor compounds further contain monovalent metal
25  atoms M* selected from Cu, Ag, and a mixture thereof.
The atoms M* may be any combination of atoms of Cu and Ag,
The polymeric precursors of this disclosure can be considered inorganic
polymers or coordination polymers.
The polymeric precursors of this disclosure may be represented in different
30  ways, using different formulas to describe the same structure.
In some aspects, a polymeric precursor of this disclosure may be a distribution
of polymer molecules or chains. The distribution may encompass molecules or chains
having a range of chain lengths or molecular sizes. A polymeric precursor can be a

mixture of polymers, polymer molecules or chains. The distribution of a polymeric
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(RE)2- (BB) (AABB)"(AB)" (RE)2-(B)(AABB)"(B)(AB)" 10 where A and B are as
defined above, Eis S, Se, or Te, and Ris defined below. Formulas 1 and 2
descri be wonot/fiz238s t hat have a counterion or counteri @a3/Usea109mAN.
Exanpl es of counterions include alkali metal ions, Na, Li, and K. The
fornmul as RE-B(AB). and RE-(BA)"B may descri be stable nol ecul es 15under
certain conditions. For exanple, an enbodi nent of a polyneric precursor

conpound of , EQkHka 1t defteRBOWRcioked hishut 4 parfiSul & PRMEulal weiolt orkhaihhe structure
of the corrpound can be represented by the formula (RE)2BABABB, wherein Ais

the repeat Wt {MA(ER) 2}, B is the repeat unit {MB(ER) 2}, Eis a
chal cogen, and %n‘lb%dﬂnefnﬁr@ttﬂ@fﬁ%ntﬁﬁ(P&fﬁlefjﬁljoh'a@golgﬁeﬁ?@[grgé%sors that can | N @not her

exanpl e, an enbodi nent of a polyneric precursor” conpound of Fornmula 5 is
shown i n Filyp. degeribpd asshBwhiernafingjagdition caphbymesrs: uct ure of the conpound can be

ropresent ed by ke {0l ing B} RRABABAABABI JNGH Rl S LhGu LREaL Ui ¢

{MA(ER) 2}, B is the repeat coge Ris a
functional 2%gd Buﬁhdwbbawdlwb@lami/\B are each derived ﬁorhanMmeexHimbr@at an

enbodi nent of. neri,.c pre o ound o I hown in Fig.
3 As ShOWnunlltlsl n(a @llélay '%llglo lg)esrte%,:élrjrgﬁ gorag%o tnhonomers alt%o?ig}l!ltﬁee m?%pr esented by

t he fornul afofrRiH) BBA()IBA)er BBs diffeemefromAhd @nplitiel fcemehtof wpedt uvhiVA( ER) 2}, B is

the repeat unit {MB(E A 0 nd Ris a functional 30 grou
def i neg bel ow. The ngono'?“ l}fgﬁﬁ 181 B‘%@gﬁ)@ %ﬁ%hh@%g& Fréﬁt of a pol ymeri cg P
precur sty conpoumnd n@homer fatiVE c8n bSMSIERW) wihdreIGis Gh, a1, hemnmixurEi g. 4, the
structure of_ the caonpound can be represented by the formula

( RE) 2BA( BA)‘Dfé%an() Mwherein Ais the repeat unit {MA(ER 2}, Bis the
repeat unit {MB(ERplymekc pc@ds@habi@d@erof Alitk R nhdhomel WABtth pR@lde@r oup

defi ned bel ow. , , ,
polymer chain, whether linear, cyclic, or branched, or of any other shape, that has
repeat units A, each having the formula {M*(ER),}, and repeat units B, each having
15  the formula {M®(ER),}. The repeat units A and B may appear in alternating order in
the chain, for example, *«*sABABABABARB«e-.
In some embodiments, a polymeric precursor may have atoms M® of Ga, In
and Al where the different atoms appear in random order in the structure.
The polymeric precursor compounds of this invention may be made with any
20 desired stoichiometry with respect to the number of different Group 13 elements and
their respective ratios. The stoichiometry of a polymeric precursor compound may be
controlled through the concentrations of monomers, or repeating units in the polymer
chains of the precursors. A polymeric precursor compound may be made with any
desired stoichiometry with respect to the number of different Group 13 elements and
25  their respective ratios.
In some aspects, this disclosure provides polymeric precursors which are
inorganic AB alternating addition copolymers having one of the following Formulas 1
through 13:

30 Formula I:  (RE),-[B(AB),]
Formula2:  (RE)-[(BA),B]

Formula 3:  (RE),-BB(AB),
Formula 4: (RE),-B(AB).B

25



In a further exanple, an enbodi nent of a polymeric precursor conpound of
Formula 10 is shown in Fig. 5. As shown in Fig. 5, the structure of the
conmpound wearrof/e3sepresented by the formul a he(BA) 4, wRrETAiSp01A/04851 he
repeat unit {MA(ER)2}, Bis the repeat unit {MB(ER)2}, E is a chal cogen
and Ris a functional group defined bel ow. A pol yneric precursor
havi ng one of Formulas 1-8 and 11-13 may be of any |ength or nol ecul ar
size. The val uegoghuf sandrp)EBAPEBQNS,, (1) or nmore. In certain 10

enbodi nents, the val ues o% nand mare 2 or nore, or 3 or nore, or 4 or
nmore, or 5 or norEnulpp: 6 GENGHABBr 7 or nore, or 8 or nore, or 9 or nore,
or 10 or nore. h@lﬁangen@g§L Wsg N and mare independently from2 to
about one nillionf or from Jtggyé)%out 100, 000, or from 2 to about 10, 000,
or from2 to abdwrm¥e8o, &REf-tEWnB(BAnBbout 1000, or from 2 to about 500,
or fromg to ab ,  Ofclif 2 to about 50. 15A cyclic polyneric
precurséf havingggﬂéggf Foré%ﬁgg 9 or 10 may be of any nol ecul ar size. The
val ue of n may Bermwie102)?8iBAbre. In certain variations, the values of n
and mare 2 or re .3 4 or nore, or 5 or nore, or 6 or
nore, or 7 or nggg?m%?EB ggﬁﬁggéﬁkégé or nore, or 10 or nore. In sone
enbodi nents, forFoaydhil2: FRERHBER)(ADARRH(AB),, n is from 2 to about 50, or from
2 to about 20, from 2 t r from2 to about 14, or from 2
to about 12, or%%PBW?g}Togggﬁﬁpagggg5&g??%ﬁﬁ2 to about 8. In another
aspect, 16 he repeat units {MB(ER) 2} and {MA(ER) 2} nmay be consi dered "handed"
because the t al om nd, the G.oyp,13 ato ear .on the left,
while the cW@%%gdéﬁ é?%%ﬁ@%QﬁH%QY% ‘%_t%%o? @ﬁ@%%ﬁﬂ%@ﬁ W-a |inear 25
term nated chai Fowhdihs 1 thageneérde i6REFHrmethaMhaeddicsin@idh of fan&ag/N group or

groups on the left termnus, as.in Fornulas 1-8 and 11-13, to conplete the
structure. MRtERR¥m Examplenof countgrans inghulg afipli pystakigna N Lisgd Ko, does not

require an addi t@RGHmUERRIFCOGES), HOUR (9K, 8RR HiBE sthifE FoRakikon.
In certain aspects, structures of Fornulas 1-8 and 11-13, where n and mare

300ne (1), whdyr seaigesediivied as adducts. For exanple, adducts include
(RE) 2- BBAB, (RE)R; %ﬁ‘%’le, Qﬁ'gtlnlg &it %%?meric precuréo?co?ﬂ;@m@ gPegdhpents. a

polymeric precursor may include a structure that Is an AABB al ternating
bl ock copol4vshowiFeFigladyiskowmingog.yintheistugiure efiths epmprungeant beoons of a
pr ecur sor - SLEGh IS, TRVoGANS Al 1908ABE RIS, SORRRGUIL Gl RPSRR) YN L S
{AABB}. A poFyﬁ%ricypregurso éving ahagﬁgg égter aflné ocC hgopolyner
may be reprRiseht ededyyniFOVHRRY:} 1T isdhchaksogen, and R {sra fonatiena gpeiptdsfinddhi s
disclosgfe &ﬁqyides pol ymeric precursors which are inorganic AB alternating
addi tion copéfyners having the repeat units of Formula 14 5 Fornula 14
where atons MB dnenahorsangfle, @ ompodidicsielf @ pdlgthefic prrtEorandpdund ofnd E is S,
Se, or Te. Formula 5 is shown in Fig. 2. As shown in Fig. 2, the structure of the compound can
be represented by the formula (RE),BABABBABAB, wherein A is the repeat unit
{M*(ER),}, B is the repeat unit {M>(ER),}, E is a chalcogen, and R is a functional
25  group defined below.
In a further example, an embodiment of a polymeric precursor compound of
Formula 6 is shown in Fig. 3. As shown in Fig. 3, the structure of the compound can
be represented by the formula (RE),BA(BA),BB, wherein A is the repeat unit
{M*(ER),}, B is the repeat unit {M>(ER),}, E is a chalcogen, and R is a functional
30  group defined below.
In another example, an embodiment of a polymeric precursor compound of
Formula 8 is shown in Fig. 4. As shown in Fig. 4, the structure of the compound can

be represented by the formula (RE),BA(BA),B(BA),,B, wherein A is the repeat unit
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10In certain aspects, this invention provides polyneric precursors having a
nunber n of the repeat units of Fornmula 14, where n may be 1 or nore, or 2
or nore, WO28110r17288re, or 4 or nore, Oor 5 Oor nore, Or GPOM/USRI1O/044957 7 Or
nore, or 8 or nore, or 9 or nore, or 10 or nore, or 11 or nore, or 12 or

nor e. The AB copol yner of Fornmula 14 nmay al so be represented as
(AB). or (B/6)n, 15which represents a polynmer of any chain |ength. Another
way to reprgae@k)geﬂ;mh@reﬁ&tgﬁip@w@)g E$s£$1ﬁlc%§én”bﬂdﬂi ABABnctional I'n

further variations, this invention provides polyneric precursors that may
be represengr@%p%ﬁﬁn%bWa 15 20 RRRR --47E,E' MAnB 1 MMm B2 E -p \ / \FE

\EZ\ E RRRR Fqy Mrﬁlellé;a%ﬁ:r fn éﬁ%né\@%f ?&qu ;ﬁéc%rs%@@orﬁ;ﬂﬁﬁd gf different

atons of Goup 13 selected ffomG, In and or Te, and p is
one (1) or wmala 10 is shown in Fig. §.uds ﬁ@m&@ﬁ@cﬁ ghe fttwptslrel Qf\ﬂeemorrmnurpirqam des

pol ymeriL PRaEHESAed oM SBmiRY -~ ORBAGPLESERLE] e fOl I A Er), BB E " E
is the repeat unit {M>(ER),}, E is a chalcogen, and R is a functional group defined
below.

A polymeric precursor having one of Formulas 1-8 and 11-13 may be of any
length or molecular size. The values of n and m can be one (1) or more. In certain

10  embodiments, the values of n and m are 2 or more, or 3 or more, or 4 or more, or 5 or
more, or 6 or more, or 7 or more, or 8 or more, or 9 or more, or 10 or more. In some
embodiments, n and m are independently from 2 to about one million, or from 2 to
about 100,000, or from 2 to about 10,000, or from 2 to about 5000, or from 2 to about
1000, or from 2 to about 500, or from 2 to about 100, or from 2 to about 50.

15 A cyclic polymeric precursor having one of Formulas 9 or 10 may be of any
molecular size. The value of n may be two (2) or more. In certain variations, the
values of n and m are 2 or more, or 3 or more, or 4 or more, or 5 or more, or 6 or
more, or 7 or more, or 8 or more, or 9 or more, or 10 or more. In some embodiments,
for cyclic Formulas 9 and 10, n is from 2 to about 50, or from 2 to about 20, or from 2

20  toabout 16, or from 2 to about 14, or from 2 to about 12, or from 2 to about 10, or
from 2 to about 8.

In another aspect, the repeat units {M®(ER),} and {M*(ER),} may be
considered “handed” because the metal atom M and the Group 13 atom M® appear
on the left, while the chalcogen atom E appears to the right side. Thus, a linear

25  terminated chain will in general require an additional chalcogen group or groups on
the left terminus, as in Formulas 1-8 and 11-13, to complete the structure. A cyclic
chain, as described by Formulas 9 and 10, does not require an additional chalcogen
group or groups for termination.

In certain aspects, structures of Formulas 1-8 and 11-13, where n and m are

30  one (1), may be described as adducts. For example, adducts include (RE),-BBAB,
(RE),-BABB, and (RE),-BABBAB.

In some embodiments, a polymeric precursor may include a structure that is an
AABB alternating block copolymer. For example, a polymeric precursor or portions

of a precursor structure may contain one or more consecutive repeat units {AABB}.
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RRRR rE mAl mB1' mA2 ' mB2 E, \ E RRRR 5Fornmula 16
where atons MBl1 and MB2 are the sane or different atons of G oup 13

sel ected woem1® 7438 and Al, atonms MAL and MA2 are the sagg/useoldiofif408T ent and
are atons selected fromCu and Ag, Eis S, Se, or Te, and p is one (1) or
nore. 10l n another aspect, this disclosure provides inorganic AB

al ternating copolyners which may be represented by Fornmula 17 AB i AB 2AB3

Formul a 17 xhergmeRd rea?fsor%aqng%l AA@Bra@teﬁlaﬁn i)ék%o?él?ﬁl@ﬂ Ry atoms MB1, nB2,
and MB3, respectlveP ich are atons of and 1n. Certain

exanpl es ofreéfﬁiﬁnlﬁqdé’ﬁ%off@ﬂhﬂﬂ g®veor nmonomers and pol ymeric precursors of
LS et on 3 S RUSTRAL RSy KRl ides pRBFRAL ol RG] for il s for

nonomner s, repeat uni ts and neric recursors orrm a Representative
Constituti olnaﬂgaméﬁﬁlwunmglmon ptbpocbyrneﬂ\s havigeRRy Zpedrnith qfﬁmméat 14A(ER) ,
where M is Cu or Ag

R
ER
E y
AN S\ B
M\E/M\
| ER
R

Formula 14

where atoms MP® are atoms of Group 13 selected from Ga and In, and E is S, Se, or Te.
10 In certain aspects, this invention provides polymeric precursors having a
number n of the repeat units of Formula 14, where n may be 1 or more, or 2 or more,
or 3 or more, or 4 or more, or 5 or more, or 6 or more, or 7 or more, or 8 or more, or 9
or more, or 10 or more, or 11 or more, or 12 or more.
The AB copolymer of Formula 14 may also be represented as (AB), or (BA),,
15 which represents a polymer of any chain length. Another way to represent certain AB
copolymers is the formula ses ABABese,
In further variations, this invention provides polymeric precursors that may be

represented by Formula 15

/ -~
DN N NN
E E E E
R R R R
20 p
Formula 15

where atoms M®' and M™? are the same or different atoms of Group 13 selected from

Ga, Inand AL, Eis S, Se, or Te, and p is one (1) or more.
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B { MB(ER) 2} From nononer MB(ER)3, where MBis Ga, In, Al AB
{ MA(ER) 2MB( ER) 2} Pol yner chain WD 2011/ 017238PCT/ US2010/ 044057 Fornul a
Repr esentwDi2oe/0@m3st i t uti onal Chain Unit Description IPEPABR010/0#405ABA
{ MA(ER) 2MB( ER) 2MA( ER) 2} An adduct, trinmer, or oligomer B1AB2

In further aspects, this invention provides polymeric precursors which may be

represented by Formula 16

B B 5 B
/ -
MA{ \MB/l ™~ MA2 \MB2
E E E E
R R R R
p
5 Formula 16

where atoms M®' and M™* are the same or different atoms of Group 13 selected from
Ga In and Al, atoms M*' and M*? are the same or different and are atoms selected
from Cu and Ag, Eis S, Se, or Te, and p is one (1) or more.

10 In another aspect, this disclosure provides inorganic AB alternating

copolymers which may be represented by Formula 17

(XYY YY) ABIABZABS XX

Formula 17
15
where B!, B?, and B® are repeat units containing atoms MB, M®? and M®?,
respectively, which are atoms of Ga and In.
Certain examples of empirical formulas for monomers and polymeric
precursors of this invention are summarized in Table 1.
20 Table 1: Empirical formulas for monomers, repeat units and polymeric precursors
Formula Representative Constitutional Chain Unit Description
From monomer
MA(ER)
A M*(ER ’
{MAER )} where M* is Cu or
Ag
From monomer
MB(ER);
B M®(ER ;
{MAER).} where MP® is Ga, In,
Al
AB {M*(ER),M®(ER),} Polymer chain
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{MB1 (ER) 2MA(ER) 2MB2( ER) 21 Pol yner chain repeat unit,
the sanme or different, a trinmer or oligonmer ABlAB2
{ MA( ER) 2NMBO(ERYAMISER) 2MB2( ER) 2} Al ternati ng copol ynmer @ABJUS2018/08496T aner or
ol i gomer AB 1 AB2AB3 { MA( ER) 2MNER) 2MA( ER) 2MB2( ER) 2MA( ER) 2MNER) 21 Pol yner,

MB1 and MB2 may be

or an AB triner, or an oligonmer (AB)" or (BA)" or Polyner of any chain
|l ength +A B+ -EB A+ nn ABAB
Formula Representative Constitutional Chain Unit Description
repeat unit
A B A An adduct, trimer,
ABA {M*(ER),M®(ER),;M*(ER),} or oligomer
Polymer chain
repeat unit, M®' and
B'AB? {MP'(ER),;M*(ER),M"*(ER),} M™ may be the
same or different, a
trimer or oligomer
Alternating
AB'AB? {M*(ER),M"!(ER),M*(ER),M"*(ER ), } copolymer (AB),, a
tetramer or oligomer
Polymer, or an AB
AB'AB*AB® | {MAER),M>'(ER),M*(ER),M*(ER),M*(ER),M®'(ER),} | trimer, or an
oligomer
or
(AB), or Polymer of any
(BA), ( A—B ) ( B_A+ chain length
n n
Polymer of any
cee ABARese A—B—A—B lgngth, whether
linear, branched, or
cyclic
{AABB} A—A—B—B AABB alternating
block copolymer
A—B
/ AN
eyclice A B B A Cyclic polymer
_( )4 or | | hai i
cyclic (B A) chain, oligomer or
4 B octamer
N\ /
B—A

10

In Table 1, the “representative constitutional chain unit” refers to the repeating

unit of the polymer chain. In general, the number and appearance of electrons,

ligands, or R groups in a representative constitutional chain repeating unit does not

necessarily reflect the oxidation state of the metal atom. For example, the chain repeating

unit A, which is {M*(ER),}, arises from the monomer M*(ER), where M is a metal

atom of monovalent oxidation state 1 (I or one) selected from Cu and Ag. It is to be

understood that the repeating unit exists in the polymer chain bonded to two other repeating

units, or to a repeating unit and a chain terminating unit. Likewise, the chain repeating unit B,

which is {MP(ER),}, arises from the monomer M®(ER);, where M® is a Group 13

atom of trivalent oxidation state 3 (IIT or three) selected from Ga, In, Al, and a
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Pol ymer of any | ength, whether |inear, branched, or cyclic tA B A BI-
{AABB} AABB al ternating bl ock copolynmer LA-A BB ) cYclic(AB )4 or
cYcllc(BAyo 201B1/338BA |1 AB \A / B-i-v Cyclic polyner PCT/US2010/044057

mixture thereof. In one aspect, monomer MA(ER), and monomer MB(ER)3, combine
to form an AB repeating unit, which is {M*(ER),M®(ER),}.
In some aspects, this disclosure provides AB alternating copolymers which
may also be alternating with respect to M* or M®. A polymeric precursor that is
5  alternating with respect to M* may contain chain regions having alternating atoms
M*!and M*2. A polymeric precursor that is alternating with respect to M® may
contain chain regions having alternating atoms M"' and M"™*.
In further aspects, this disclosure provides AB alternating block copolymers
which may contain one or more blocks of n repeat units, represented as (ABl)n or
10 (B'A), where the block of repeat units contains only one kind of atom M®! selected
from Group 13. A block may also be a repeat unit represented as (A'B), or (BA"),,
where the block of repeat units contains only one kind of atom M*'. A polymeric
precursor of this disclosure may contain one or more blocks of repeat units having
different Group 13 atoms in each block, or different atoms M in each block. For

15  example, a polymeric precursor may have one of the following formulas:

Formula 18: (RE),-BB(AB"),(AB%),,
Formula 19:  (RE),-BB(AB")y(AB*)n(AB"),
Formula 20: (RE),-BB(AB")y(AB*)n(AB"),
20 Formula21: (RE)-BB(A'B)y(A’B),
Formula 22: (RE);-BB(A'B)o(A’B)m(A'B),

where B', B? represent repeat units {M"'(ER),} and {MP*(ER),}, respectively, where
MB!, M®? are In, Ga, respectively, and where Al A? represent repeat units
25  {M*(ER),} and {M**(ER),}, respectively, where M*!, M** are Cu and Ag,
respectively. In Formulas 18 through 22, the values of n, m, and p may be 2 or more,
or 3 or more, or 4 or more, or 5 or more, or 6 or more, or 7 or more, or 8 or more, or 9
or more, or 10 or more, or 11 or more, or 12 or more.
In certain embodiments, an M® monomer can contain a chelating group —
30  ERE-, for example, having the formula M®(ERE).
In some embodiments, a monomer may exist in a dimeric form under ambient
conditions, or a trimeric or higher form, and can be used as a reagent in such forms. It
is understood that the term monomer would refer to all such forms, whether found

under ambient conditions, or found during the process for synthesizing a polymeric
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chain, oligoner or octaner In Table 1, the "representative
constitutional chain unit" refers to the repeating unit of the pol yner
chai n. | rwQenevw@b238t he nunber and appearance of el ectromsT/Usegand®s7 or R
groups in a representative constitutional chain repeating unit does not
S5necessarily reflect the oxidation state of the netal atom For exanple,
the chain repeating unit A which is {MA(ER) 2}, arises fromthe nononer

MACER) , whegscdMdr fr’ém%hé%&ﬁdm&‘t oM R mMBNOValrgRhd OF(cet ioexatple 1 (I or one)
selected from Cu and Ag. is to be understood that the repeating unit

exists in tiheuldbr ke toma@rﬁpals@:ﬁé @fwnﬁ@elt%u@tmwallwe)@@aﬂn&@H@ﬁp 5, or to a
repeating ug ﬁer s ar ﬁ%a'ﬁmeﬁd’rﬁ@rr@& Uik B hi hér'f(lﬁﬁl\’\"wfﬁgn udelGs Qré@ééﬁt repeating

unit B, 10 |ch|s . arilses from the nononer ¢"]&RB where MB is
a Group 13 anomvefe thermvmn@mtforw|F@acxa@mlest:<am®u3d5(0flthe ampiti¢t &sulgel ected from

Ga, r t and
ronomey e ERS) Py Btk W Bof BRI RaARERATRAL an TRBPRE aEE gt
{ MA(ER) 2NB(CEszomdelthﬁ mommnea§qrecﬂostea¢tt®nszv1t1ill‘é‘?ﬂEB$3ure provi des AB aI ter nati ng
copol yners whi c also be alte

ECt t.o
e pr b BB RLRO pREwSr SRR Mlich BRPES oudifeali Pleah £ |

chai n regi oﬂtbSe;tmmpilmgloabrhﬁs Nﬁ‘(Em)@naﬂ\o'?(ERM\d%ﬁ beAd\pmtagmslydnngﬂubmor that is
alternating with. re ai n chain re 'OnlSuB{}aVI ng alternating

2t orn " 51 s SRPRE e R nGREN Red P de SRR E R fos ab

al t er nato ngmkﬂhﬂﬂek TR Gh YoreE Sspedid, @fepastwnem@teauﬂaor@nmh@nnmn@ phpcks of n
repeat units ted as (ABL B1A)", where the block of repeat

re
units cont aa}dr‘@n PE;S%() USRY HPr ‘FGSS§% E%Hﬁlk@f pg%tlo‘é pledeyrARIEsLEtYSS A bl ock

may al so bewkick BRE@E depdkition @Moﬂ@aﬂﬁc@@magoﬁgéa{a)solv@ﬁs (BAl)., where the bl ock
of repeat units contains only one kind of atom MAl. A pol érrerlc pr ecur sor
of this discl osdreSHaleebribaicrmomelysier s eP Py Beiss r‘EfF”Péé’@ fegigid s havi ng

di fferent Ghgwg, é—ﬁol%@ﬁfﬁéd'ﬂbn@ﬁ&ha@p@ﬁﬁlg cRiin Halid & BRatiRs @R, M i n each
bl ock. For 15exa ymeric precursor may have one of the follow ng

for mul ab> mlmrggala bwlym@mﬁﬂwlqg@ PEgReRSr RO BT gt XEfingdiul a 22:
( RE) 2- BB( ABLY 1681 its repeating unit or units, and may have various shapes or connectivities

such as linear, branched, cyclic, and dendrimeric. Unless otherwise specified, the
terms polymer and polymeric include homopolymers, copolymers, block copolymers,
alternating polymers, terpolymers, polymers containing any number of different

20  monomers, oligomers, networks, two-dimensional networks, three-dimensional
networks, crosslinked polymers, short and long chains, high and low molecular
weight polymer chains, macromolecules, and other forms of repeating structures such
as dendrimers. Polymers include those having linear, branched and cyclic polymer
chains, and polymers having long or short branches.

25 As used herein, the term "polymeric component” refers to a component of a
composition, where the component is a polymer, or may form a polymer by
polymerization. The term polymeric component includes a polymerizable monomer
or polymerizable molecule. A polymeric component may have any combination of
the monomers or polymers which make up any of the example polymers described

30  herein, or may be a blend of polymers.

Embodiments of this invention may further provide polymeric precursors
having polymer chain structures with repeating units. The stoichiometry of these
polymeric precursors may be precisely controlled to provide accurate levels of any

desired arbitrary ratio of particular atoms. Precursor compounds having controlled
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(RE)2-BB(ABl1) " (AB2) M{AB 1 )11 (RE)2-BB(ABl1)"(AB2)m AB 1 )11

(RE) 2-BB(A1B) " (A2B)", (RE)2-BB(Al1B).(A2B)(AlB)p where Bl, B2 represent
repeat urwonBI(IERS 2 ) and fmM2(ER 2, ) respectivel y, pamarseowBis057 M - are
In, Ga, respectively, and where Al, A2 represent repeat units 25{ mAl (ER
, 2 ) andmA2(ER 2 ) respectively, where NAL,
MA2 are Cu and Ag, respectively. In Fornulas 18 through 22, the val ues of

n, m and pstél@lﬁorﬁ@mzcaﬁrbe@c{d% nfdke I§ulf?¥naf§%l§ lay¥rs, AnPlenli@nQuct@ S Or nore, or
6 or nore, or 7 or nore, or 8 or nobre, or 9 or nore, or 10 or nore, or 11

or rore, ormatgrigy hayineeontrolled stoichiometry. Eeyomsiaspesitorrasisabnecntroling W8 nonomer
can contai nst@clﬁ&ﬁétﬁl 6%%0‘%%‘1@ prec%o% be afcf?i"eve%l)?ﬁr%ht?()lh{?t‘ﬁb ng the formula

MB( ERE) . sone eribodi nents, a nononmer may exist in a dineric form
under anbi eﬁmlcl@@ndm ofghesteagsntsarepqtinte nosowers ki gmenoufdsrusgd tamerpersihde used as
a reage i i s understood that the term nononmer would refer
to all gjch&fb?{rﬂér}rls}pfr%gt%ﬁer found under anbient conditions, or found during
t he process for F@yﬂiterpelsfnwrmgreaurpmb yﬁﬂbmllmvepmmﬂmgmupfﬁmnhdifwenumoner The

formul as Ma‘eng %ora ortlorﬁge)eof ma rbea 00 ea\im roup1rr]1ret:)l'FJi tion ?%Qraﬁsgnoer?ocforrpass the
nmonomer in suc ural I'y- sectrr n& | Ter ¢

nononer i n the polpmeticprocurdoir gdsrepsouhmamlemémmm@duraesoralpbmqgﬁmnonarﬁ provi de the
nononer form For exanple, conpounds of the enpirical fornula 5 Cu(ER) may
occur in agyfedated forns that are insoluble, and when used as a reagent
can prow de the Tﬂ?@rﬂmﬁﬁbnaﬂ Qll’oﬁpszHnthe&EﬁluEmaWVE BndMB(1ERk3. may each belthe pol ymeri c
precursors of th i nventi on, %Ee} can be obt neqhb reacti ng, for

¢ he'al

exanpl e, FQI i E m P thos f%gfoea%atﬁehe& 1% "¥-ghl y sol ubl e

in organic csaﬂioweamns 1nch&1ngllE3QrEW15heItéﬂ&ﬁ‘§leiﬂ}(§§/1 RBYdNGAKE, e afdrdarsngol ubl e, or
10i nsol ubl e. Thus, in sone aspects, the po Iégérerr c precursors of this

i nvent i on negeniciismes dasems lem%ﬁaﬂreﬁrw@ seash thssama Ry diffeishot ovol tai ¢

layers and gihefe @id hid ﬁéamg%hﬁsrawhy@mrtﬁ@%lc%&nat% conmpounds usi ng
organi c solvents. As used herein, the terns "polynmer" and 'polynmeric" refer

to a polynerizedn Fometspecta theanapemer e i) r%ﬁé%ﬁpres%t?deq@%t(ﬁﬁd%@ tha nade of
repeating ufbicier B M can be represented as M*(ER?), where R' and R” are the same or

different and are groups attached through a carbon or non-carbon atom, including

alkyl, aryl, heteroaryl, alkenyl, amido, silyl, and inorganic and organic ligands. In

some embodiments, the groups R' and R are each the same or different from the
20  other and are alkyl groups attached through a carbon atom.

In certain variations, the monomer for M® may be MB(ERl)(ERz)z, where R!
and R” are different and are groups attached through a carbon or non-carbon atom,
including alkyl, aryl, heteroaryl, alkenyl, amido, silyl, and inorganic and organic
ligands. In some embodiments, the groups R' and R*, of MP(ER")(ER?),, are different

25  and are alkyl groups attached through a carbon atom.

In some embodiments, polymeric precursor compounds advantageously do not
contain a phosphine ligand, or a ligand or attached compound containing phosphorus,
arsenic, or antimony, or a halogen ligand.

In further embodiments, the groups R may independently be (C1-22)alkyl

30  groups. Inthese embodiments, the alkyl group may be a (Cl)alkyl (methyl), or a
(C2)alkyl (ethyl), or a (C3)alkyl, or a (C4)alkyl, or a (C5)alkyl, or a (C6)alkyl, or a
(C7)alkyl, or a (C8)alkyl, or a (C9)alkyl, or a (C10)alkyl, or a (C11)alkyl, or a
(C12)alkyl, or a (C13)alkyl, or a (Cl14)alkyl, or a (C15)alkyl, or a (C16)alkyl, or a
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15 pol yner chain or polynmer nolecule. A polyner or polyner chain may be
defined by recitation of its repeating unit or units, and nay have vari ous
shapes orwoann#utrissi ti es such as |linear, branched, cycliPCT/ispalo®de40dr i neric.
Unl ess otherw se specified, the terns pol yner and pol yneric include
honopol yners, copol yners, bl ock copol yners, alternating polyners,

terpol ynmers, polyners containing any nunber of different 20 nononers,

ol i goners, @atWKSra IO AkyTERSI (@NLIKDE LIS qlﬁylﬂro@ﬁg@m'jﬁl@ﬁ! &nal networKks,
crossllnkedcgo Yners, short” and | ong chains, high and | ow nol ecul ar wei ght
pol ymer chaiCAd)2lkyher onol ecul es, and other forms of repeating structures
such as_dendri Mg SerepbTRN Senk ) e Ueliipt RARE NAYERGNAY RERT IRIAChed and
cyclic polynmer chalins, and pol ynmers ﬁaV|ng | ong or 'short brariches. 25As
used her ei ngrotre In tese cipboiiynentsi the elspipmerprmay beef (6 3plleyd (ractbdhpoment of a

conposi ty o ﬁp@r t.. ; Y. | ymer by

polyneri%aggg } +ﬁ%&?§Pﬁ?g%ﬁ@%gﬁfé§€§ﬁ%§%§ﬂ?&FR@Fﬁg§§*gﬁ%@%@ﬁ%?izable

nmonomer or (©G)ajierdr 2468 elkyb bee((19alkyd, @al(Ch@eikgl, confidnwityl,may have any

combi nati on he nmononers or polyners which make up any of the exanple
Cq a[)k? ;

pol ymer s dé%cr} &d 30 herein, or may be a bl end of pol yners.

Enbodi nent s of tlhicataimaeidinoemtsyeiy ofanpt Remaypndepedienthobo/@ard)dkyr ecur sor s

havi ng pol yner chajn structures w r epeat i.n its. T toi chi onetry of

hese pol yrapims: B LB bPEhiias pE AT BERY LT H R B o8t de mocur ate

| evel s of amp)dlies (dtied), ar Didnaky, srat(Co)aikyl, pas tGCoukAr oral (Q6RIkyPr ecur sor

conpounds having, caontrol |l ed stoichionetry can he used to ke bul k
materials, | ayer‘%?ﬁé%“s@?ﬁ“ést?ﬁ&‘ﬂ’&%‘Pd Hay ?F%thﬁﬁ%\?if H@l'%ﬁgﬁﬁ?l ed

stoi chionetry. IR sSAEMRIRESGHS a m@iics@wur&@mawhhicaﬂpédﬁacsﬁlpliigsﬁg onetry of
a polyneric precursor qgg be acﬁievgd controlling the stoichionmetry of
t he reagent@§Peafipgpriin® (ERERHend (M @%ﬁmn\a@r%% 15 & NPRRYHEE t he

Spol ymeri ¢ REQCHER Hlected from CHAkd ABEVIPRI MHFRSnk _sf@lroﬁﬁw,sm 8,9 ofhis invention,
the group Rin the fornmulas above, or a portion thereof, my be a good

| eavi nglyr ot & ¥ independpmly selsotad.tipraash eqcariense. framealil gk heteropbeur sor
conpound at,el,6Y ahed, §i81’l',r%ﬁ& %}gaﬁilé afd oﬂé@ﬂ@ 1@2&5&.: %%-E}%%ﬁ gﬂfiocﬁﬁl&{@{he 10The

functional groups R in"the formulas above an may each be the
same or di fétemeMt if themeperengomiie iMalfR)ERe;} giesandombit sekected drommtaugdf a car bon

or non-car b@f&ué‘ﬁ?”in Jeﬂ&ih %Qﬂiﬂﬁnéﬁvﬁﬁ% 6%‘%? an]dl?ﬁé REREAW lare ds?ie%t%@%m am do,

silyl, and 1rnorganic and organic n sonme enbodi nents, the groups R
are each t hedigayrgelloym did flemmom. ff oa bcelotcharunaind: mbenaiclydcugeoups at t ached

t hrough,a carbon at 151 n. so h noner far can be
repres e2n ed %ggﬁ) q\fé?‘l‘:‘%% @,ay %enlga?p%%deﬁgﬁge%?edf IE)Orr gﬁ\?ﬁ%g%ﬁ@égcee’ ﬁgrﬁ)lr e%ent ed as
MA(ER2), wheslkyRl and R2 are the sane or different and are groups attached

t hrough a carbo r .non-carbon ato i ncl,udi ng..al kyl , .aryl, heteroaryl,
I A T B T e g T g T g
enbodLnent Sage tiﬁar,gfa%u]lﬂe&i, Kikliand alﬁﬂxtair‘]eébé“@ﬁi}ﬁbfthé’lﬁ)ré‘gaﬁi@. somépblymesnt from the
20 other and are a ou attached thro a, car atom I n
certain var@%??%ﬁ%@mxﬁﬁgéﬁﬁgﬁﬁPd?%F‘W@Pqﬁﬁye%%OW§P@§f$§%§2)2, where Rl and
R2 are ¥ fferentn gk apectdbPuRmeat hREGSH ntal cOMEIN ndefRMOMIQr non- car bon
atom includipg alkyl, aryl, heteroaryl.  alkenyl, amdo, silyl, and

i nor gani ¢ ard @R@@Rﬁm%%&m&% YIS NHEER | WRGTEIE D1} oS P STRL and R2,

of MB(ER1) ({ER%0 ér méte Cor@iif fRf 8Nhord2Mds AER Rinfeyd. HHeQYRatiRt dnd¢hed through a
carbon atom n sone, enbodi nents, pol yneric precursor conpounds

advant ageou@f{]i(EBé(Eﬁéﬂt andoM AER) (BR Pripaspe aferpitega i polpmerc TPQYARa M8y at t ached
conpound  COoR ALRLEYLPHRFRRRIMAB)2WHERICA ihe APLd: IRDYM @R )@&R)@lpgen |1 gand.
30  the repeat unit {MB(ER)(ER)}, n is one or more, or n is two or more, and R is
independently selected, for each occurrence, from alkyl, aryl, heteroaryl, alkenyl,
amido, silyl, and inorganic and organic ligands. In some variations, a polymeric
precursor may have any one of the formulas (RE),-BB(AB),, (RE),-B(AB),B,
(RE)>-B(AB)sB(AB)m, (RE)2-(BA)BB, (RE)-B(BA),B, (RE)-(BA),B(BA)mB,
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In further enbodi nents, the groups R may independently be (Cl-22)alkyl
30groups. In these enbodi nents, the al kyl group may be a (C1)al kyl

(et hyl ) ,wonrom/q1C8gal kyl (ethyl), or a (C3)al kyl, or a @ECA)uskkgplog406T a
(C5)al kyl, or a (C6)alkyl, or a (Cr)alkyl, or a (C8)al kyl, or a (Q9)alkyl,
or a (Cl0)al kyl, or a (Cll)alkyl, or a (Cl2)alkyl, or a (Cl3)alkyl, or a
(C14)al kyl, or a (Cl5)alkyl, or a (Cl6)al kyl, or a (Cl7)alkyl, or a

C18 Iklcyoecr @t | kyl
ECZZ% aI kyl (AB)( %ﬁj (BﬂE)z @B)@A@Q)QW%B)%%%BEI&%@&: ?/ndegrengently be

(C1-12) al kyQRFgr(ﬁ)%ABB}n(ﬂ)hAeﬁs)e EFodR(ABh sandt(RE)za{(fk )anrV&LPEP"h’éyS

Cl) al kyl AW i le re; or
5043 al k% (%ﬁé gyﬁ %ﬁﬁ"ﬁﬁgﬁﬁﬁ@?ﬁ% egﬁﬂ?/,ﬂﬁﬁgﬂ(@é%) al(ﬁl %?/hlgreog I?CB) alkyl,

or a (C9) al IR YW orgporg, a0k @k 9i morgy Imfuftireyrecksyd polyneris L(rmlzspammyl In
t ai j kyl )
Pn t hese enfd ool i Sh AR SThholdWIRISBERRL inftunbrn@lal | 31 03P

10( C2) al kyl blpektdoytaing oolwoaekrﬁa)bﬁatklyllM .or a (C4)al kyl, or a (Cb) aI kyl, or a

(Coyalkyl. A PolyRRLlCRLSEHEIQF nEaIROUNd mra%%ecp&%aaoan' L
non-crystalline 0 neric pre ursor may be a

conmpound compivakhngf MEAERD,iutg eqmvazlemtg{MBﬁ‘EB)R)ER)(} y&b]dqanﬂk(nER)f( ER)}, wherein
MA is a nmongy Jretal ato d.fro n; at om of
Group 13, ElelliE 3"Sé’eq81P’al‘?‘etsg%l arqgﬁh"f e‘i‘ﬂ‘gi‘l%?lﬁs 3@&1@3{%%@8 ,11For each
occurrence, Ch ﬁrmrméﬂ 1I(Wg, MEt WB? ahevEt gradifferenahts@nyf GroaﬁHBIOwheSdnh e, and

i norgani ¢ and or i N, enbpdi t he at MB in the
repeating u“rﬂn’cpgu‘?(ﬁﬁ(; e(’%ﬁ)‘ F@F@rﬁ?gwd Mze eét%ﬂa@éﬁﬂ(&feﬁ%ﬁgg G oup 13.
In certain wdréiakliPASm o%uysls(ﬁam%n aiaq*rohhﬁoalt mumf%ﬁlsmlfﬁﬁﬁ ed from

i ndium galliumand al um num e.only seleniumin

precursor, %0 éﬁ&r%‘éwglreub@oreom léeViISrf&éb@ﬁd%htWI%%@reétt%@ anfiBr each

occurrence, ref)lre%s(ﬁ:érou&) 8t ksvibh there are wmﬁﬂiemﬂa §re%deb&id§ntlﬂ‘é%@treﬂ on may
further provide polymeric precursors that are |inear, branched, cyclic, or

a m xtul oﬁroraﬁlyybﬁrﬂ hetcrshbadichy. asdamsilpopyhiapizenio e igandy be a
flowabl e mej,ty,at etﬂb(‘icﬁrﬁ&% %tp%CﬁrSQIet!OMOQIQp&B h;\Qthsto%ﬁbfﬁe%??% Fg%dje(:t S, a

pol ymeri c precursor contain n reépeating units } and n
repeating upreRase CWIE@)C(ISR)S}andMQA&mﬂtWaISSmehémevmamaé defigieriof s two or

, S o 1§ 1 Bhght . Th ti it
IVBCER (R T R e £6r B O oo A pol yimer ¢ precursor may
be descri bed by Ih ﬁe“threoermhﬂdane(nm) prea\mrecrreiomp@uridsam hentaie feet and iet

INA( ER) ﬁdE R)} BA r§§tﬁsor dﬂﬁ%% %closﬁ/rB (m c%EtRPn} quuantlt%ﬁf) aﬂgmé) L MOre, or n

is two Oor nore, e en select occurrence from
al kyl , aryIGrquptlelﬁomrQ/33 toal dxrefrqnho 3am Ij(or frsmllytb2 errfrbrm mwgamacanarmdi organi c

| 9ans. | D SOTBLA B 205 B R MTR e Bl RO B B, e 2L, e
(RE) 2- B( BA)1Be rdiRE @ p(uBAg) B((BY1BGa plus Al), or (CutAg):(In+Gat+Al).
In some embodiments, a precursor compound can be a combination of w*(1-z)
25  equivalents of M*!(ER"Y), w*z equivalents of M**(ER?), x equivalents of MP'(ER%)3, y
equivalents of MP2(ER%);, t equivalents of M®*(ER?);, wherein M*' is Cu and M*? is

Ag, MB!, MP? and M®* are different atoms of Group 13, wherein the compound has
the empirical formula (Cu1_ZAgZ)WInXGayAlt(ERl)W(1_Z)(ERZ)(W*Z)(ER3 )3X(ER4)3y(ER5)3t,
wis from0.5to 1.5, zis fromOto 1, xis from O to 1,y is fromOto 1, tis fromOto 1,
30  xplusy plus tis one, and wherein R', R? R?, R* and R’ are the same or each
different, and are independently selected, for each occurrence, from alkyl, aryl,
heteroaryl, alkenyl, amido, silyl, and inorganic and organic ligands. In these

embodiments, a precursor compound can have the stoichiometry useful to prepare
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cyclic(AB)", cYclic(BA)", (RE)2-(BB)(AABB), (RE)2-(BB)(AABB).(AB)m
(RE)2-(B) (AABB)"(B) (AB)"" (RE)2-[B(AB)f, and (RE)2-[(BA).BI, wherein Ais
t he repeavounio1v¥®( ER) (ER)}, B is the repeat unit | MB( ERI(USR)1p/044957 S one
or nore, or nis two or nore, and mis one or nore. In further aspects, a
pol ymeric precursor may 5 be a bl ock copol yner containing one or nore

bl ocks of repeat units, wherein each block contains only one kind of atom

VB. Ac RIS SO SGATAIGRY reriah fncﬂaﬁag hRARYER d@%{ed@%r érifihnati on of
u*(1-x) equival ents of MAL(ER), u*x equivalents of MA2(ER), v¥(1l-y-t)
equi val ent sthefluaByERpSToy U1 defi val ents of M B2(ER)3, v*t equival ents of

MB3( ER) 3, wher e'&P%ﬁsdr%oég i R T FoskiR Iﬁ& beTRBbmpFBoASId - B3 mare

different atons o Gr%?) wherei n the conpound has the enpirical

f or mul ami xneszbalentsiof My ERBN&BE‘E),QQ}HWIFH’[SM ¢ERR) v*y oghigpleithok is fromO to
1, yisdr r 1 aum-of \ 1 Rk Bs_fromO0O to 1,
Zis frogm SNIFQE ﬁ\;'*m (im#a?%%%o(c){% {%ﬁf%gl,e}e\ﬁ}le%/[s #roml\/ﬁg.’ghtgnq].vfs alljc\‘/:v is from?2
to 6, and Rilffapnt@smmé Rogr &lwﬁrebﬁthmmunmmseheaﬂwiwaﬂ fDrmulm)er and are

I ndependentl{/[yl 1!;1eC g#@éﬁl é)ﬁ%i, Wherg%lx’ 18 1S qutao lygﬁ%/ 1S %rlo(nelrby[ am do,

silyl, and ino gah’(c and t'hese e Y pr ecur sor
corrpound calﬂfﬂom&totlh&lestmloﬁhpmsﬂsrfyonu@eaflle1§bom0e@ar\e15ﬁéhmsto 1(3 GAS and

Al GAS nateri al iLncl udi mat erial s def enriched in.the gquantity
ot a croup T R 1w BtenE s e Rirer SR LR BHE oan

cont ai ni@s, 18@epaﬁkd:nf[yasel&% fﬂfneﬂuylsﬁyl aacpayhdikefyltdmigo, dilgcdndsur e may contain
a quantity of atons of g éfromo 33 to 3, or fromO. 33 tg , or from
1to 2, or IPPréﬁ’i“?a‘%door%amCa]éga dy P S oIMbATITRLSf PIEEYRY CBRPRY AN #4Vet o ¢ he
total nol e&h@étoahﬁﬁﬁtrpﬁse@lwaeﬁée Cci®AS axanpk SndedihdBateail @eficEnt o us Ag) to

(I'n plus Ga plus Al), or (Cu+Ag): (ln+Ga+Al). I n sone enbodi nents,
a precursorenélﬁli*Fﬁ‘dHH’ch@érﬁl%éf"’aG% i A9 on of wr(1-z) 25equival ents of

MAL(ERL), w'z eqpiymd &RBcRliREntdVKp) cﬁfrs@r%@h%@dttﬁrbral@bmclcm{lﬁgﬁ)o@z y equivalents
of MB2(ER4)3, t equival ents of 3 ER5) 3, wherein MAL is gnd MA2 is Ag,

Bl , nBY an‘?ﬂulVB@ntS of M™(ER'), XequlVafﬁné?r@ fEI%%eY\?qla‘faé@WéS SMEEBRup. 13, wher ei n

the conpou p
(Cui zAgz) n%nﬁ%%y%d%?hﬁgﬁk)l Cvéﬂzegézlﬁlél?Z)(S )(ERS) 3X% ER4§1%3>§1(1f§I-I{%rl)t§§tomsw is from

0.5 to 1.5,0ffrpep 3, oe@in the qompounéhﬁsrthﬁﬁrm)ltl@l iiormylal s from0O to 1, t is from
'?hfaosi,me?)gr eacﬁ1 Gt @i ?Iél Zf(Ekéﬁ”aZR 3XI nd k éth% > ron{?fé(tzosg% XR? ﬁ%ﬂlga?E e
occurrence,0 forlomlsaﬂrml) to artyd frorh@tt@ﬂ ol y p1a$ klenyet andwhatein R8i RYR?, and
I nor gané(f: aﬁdanang% tﬁe n%% gch cfﬁ?ergnm ahd are independently selected, for each
occurrence, from alkyl, aryl, heteroaryl, alkenyl, amido, silyl, and inorganic and
organic ligands. In these embodiments, a precursor compound can have the
stoichiometry useful to prepare CIGAS and CIGS materials, including materials
deficient or enriched in the quantity of a Group 11 atom.
25 A polymeric precursor molecule can be represented by the formula
{M*(ER)(ER)MP(ER)(ER)}, or {M*(ER),;M®(ER),}, which are each understood to
represent an {AB} repeating unit of a polymeric precursor (AB),. This shorthand
representation is used in the following paragraphs to describe further examples of
polymeric precursors. Further, when more than one kind of atom M® is present, the
30  amount of each kind may be specified in these examples by the notation
(x MP' .y M™?). For example, the polymeric compound
{Ag(Se"Bu)»(0.75 In,0.25 Ga)(Se"Bu),}, which can also be written

{Ag(Se"Bu)4lng 75Gag s}, is composed of repeating units, where the repeating units
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enbodi nents, a precursor conpound can have the stoichionmetry useful to
prepare CAIGAS, Cl GAS and AIGAS materials, including materials deficient
or enricho2on/ahssquantity of a Goup 11 atom A precuPsoUScanpewst of
this disclosure may be a conbi nation of x equivalents of MAL(ER), v*(1l-y-t)
equi val ents of ML1(ER)3, v*y equivalents of 5 M(ER)3, v*t equival ents of
MB3(ER) 3, wherein MAL is Cu, MB1l, nB2 and nB3 are different atons of G oup

13, wherei napwﬁ 1 ARRAN Ofleh §§d 1996 o £IP wp'e%lg uhy wﬂta@n AW A6 Ak drY atdruzy Moy ( (
Si_zSez)R),, wherein x is fromO0.5to 1.5 yis fromOto 1, t is fromO to

1, the sum 0 gongiga epllipg afofbm 0 to 1, z is fromO to 1, vis from0.5 to
1.5, wis from %xtaﬁ’i % %bgyr%rfc%%cﬁl%gmoﬁl Ms%‘f‘@ﬁﬁ(dlfglos 'nqchu here are win
ende :

nunber, and are 10in ntly sel ecte rom al aryl, heteroaryl,
al kenyl anqoaitpoulsmhyvmg @mdoner@éthgameettmﬁdor@n@aam c | i gands. In these

enbodi mept s~ é%ﬁgéoZ&Sg?@g_%?ﬁ%r?%g}lgpﬁéﬁgguoSg\ée (géage) Ath ometry useful to

prepare C a t€ri-al i ¢ient’ or enriched in the
quantity of {@(WB@@Alll{(%lto@(BEBu)39Ga07Alos} {Como g%a1Bwesthadiorent s, a precursor

conmpound ca 5equi val ents of MAL (ER1),

X equi val en{]As,gtz BR)B%{?E%%%% Bu)4 &l%érents of MB2(ER4)3, t equival ents of
MB3( ER5) 3, wher dédixampMad of & MBPMIGAB%Im{wcmeB&sommpdﬁﬂdhefﬁm at ons of

G oup 13, erelnt e, conpou has the e rlca rrrulf;\‘

Qs hx Gy Al DR b1 DR R kel Db 5 TS i s ¢ rom 0.5 to
1.5, x it Ij{@mﬂhﬁgotzﬂsﬁBuNys[@sG%Qmo.@} andl {Ealo.;Ago.XSésBﬁﬁhﬁjAl%}1: X pl Esdyf ]Pl us t
is one, an erein , , R4 and R5 are the sanme_or eac i fferent,
and are i ndepen&éﬁ?‘P@gg@ﬁg{%ng?Gﬁgrpoggﬁﬁc B@Eﬂ??éﬁ‘&‘@?u“ﬁf BfrFBb?I kyl, aryl,

het er oar yl , digdids@R)hclu®boshPoursis hiting zﬁ@’d)nia apmled@bﬁuam%r@lmg@ni c ligands. In

t hese enbodl nments, a precursor conmpound can_haye the stoichionmetry useful

to prepare @‘@@B@m@l}C{Q%9(|$ﬁtBéP3l9§PO§AIO|3h@P@lé@‘t‘ﬂg(sﬁ’Bﬁ‘@wF‘éB‘%lo@l}ef| cient or

enriched in the gyapkl Bﬁ’aan/[Pﬁ-A(ﬁ'}QlSﬁboﬂy%leﬁE B urdRRRBLYHIB b GisP! ecur sor
nmol ecul e can be represented by the fornmula { MA(ER) (ER) MB(ER) (ER)}, or

{ MA( ER) HvB( ER)Bure ipHiderrompeunsy biyingrneose 6bdc rapcatepi &yewtasan { AB} repeat i ng

unit of a pPAQ@@BhﬁAB%‘ﬁ&‘{A@@@&@ o7Al NI S shorthand representation is used
in the followng paragraphs t escri e further exanples of polyneric

precursors. Fur thxemplephrolyrgris présarsongsenpeindy ob fhisdigphesvB ialudsr esent, the 30
AToUnt 01 Aol AR oRFSRERE Rk Il AR ©xampl es by the notaiion (X
{CuosAgos5(Se’Bu)s(In,Ga,Al)}, {Cuo7Ag01(Se’Bu)ssGagalng7Alg 1},

20  {CugsAgo2(Se’Bu)s(In,Ga,Al)}, {CugrAgos(Se’Bu)s(In,Ga,Al)},
{CuosAgo5(Se’Bu)sGagasIng sAloos}, {CuossAgo1(Se’Bu)sosGagising7Alg s},
{Cuo.5Ago.5(Se’Bu)sGagslng 7 Aloor}, and {CuosAgoos(Se’Bu)s ssGagslngsAlo4}.

Examples of polymeric precursor compounds of this disclosure include
compounds having any one of the repeat unit formulas:

25  {(Cu,Ag)(Se'Bu)(Se"Bu)(In,Ga,Al)(Se"Bu),} and
{(Cu,Ag)(S'Bu)(SPr)(In,Ga,Al)(S'Pr),}.

Examples of polymeric precursor compounds of this disclosure include
compounds having any one of the repeat unit formulas:
{Cu1.40Ag0.10(Se'Bu)1 s(Se"Bu)(Ing 7Gao2sAlo.os)(Se"Bu)} ;

30 {Cuy30Ag0.10(SBu)14(SBu)(Ing.ssGag,1Aly0s)(SBu)a};
{Cu1.20Ag0.10(SBu); 3(S"Bu)(Ing s0Gao.1sAl.0s)(S"Bu)a};
{Cuy.10Ag0.10(Se'Bu)1.2(Se"Bu)(Ing 75Gag20Alo s )(Se"Bu), }; and
{Cuy.0sAg0.05(SBu)1.1(Se'Bu)(Ing 7Gag 2Aly 1 )(Se'Bu), } .
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{Ag(Sel Bu)2(0.75 In,0.25 Ga)(Sel' | 3u)21, which can also be witten
{Ag(Sel' Bu) 4l n075Ga025}, is conposed of repeating units, where the

repeat i ngwortigwi7appear i n random order, and 75% of t hePCeiSatlio/0g08Ni t s
contain an indiumatomand 25% contain a gallium atom Exanpl es of
pol ymeric precursor conpounds of this disclosure include conpounds hayi ng
any one of the repeat unit fornul as:

5{ Cuo. 7Ago. 25( SasBmbiRs IPNIMnfeetAbPecttpoud (P tRARRI A8 884! no. 7Al 0. 3},
{ Cu( SesBu) 4A1}, {CuD. 9( eth)3 9Ga0. 7AL0. 3}, {Cu0. 9( SesBu) 3. 9l no. 8Al 0. 2} ;

| Ag( SesBu) gvmipounds AgYiss a1BLNG 10A e 79Kt Bt formulas Exanpl es of an MPP- CAl GAS
pol ymeric p{ﬁB%A%S’{o(S%%E’(@E’%iIIBf?%@ 18, 8jsebegure include conpounds haying
e

any one of repeat uni
10Cu0. 7Ago. fza(os@gm SPOGK (SR BEr0; AL 8)(B'Bahd: Cuo. 5Ago. 5( SesBu) 41 n0. 7A10. 3

1 0 igf) T ecur sor conpounds of this
dlsclosdfé Fﬂlﬁgﬁom Onﬁ@@ﬁ%ﬁ%%% ?ﬁyiwngéfﬁl of the repeat unit fornulas:

{ Cu( SesBu) 4{«:111}0 75A{gaa(8e®(u$@ssej‘)33)(9@ao}a(7mraosﬂs¢ Buzhid Cuo. 9(S

esBu) 3. 91 no S pol ymeri c precursor conpounds
of this 15d(§@ 9@&?@”§§§$R%§E@6 ad gfg%ﬁy Pg any one of the repeat unit
formul as: | {‘Kg(oéﬁ‘gBj@QS@BﬁDo_ggﬂtﬂu{(B&gé(ﬁﬂsBld))QS ROk Al 0. 3}. Exanpl es of

pol ymeri c precursor n of i i scl osure include conpounds hayi ng
any one of &ﬁ@“f@b@gf@ﬁﬁﬁ#ﬁg%?ﬁﬂ?égkﬁTg%b.5Ago.5(SesBu)4(|n,Ga,Al)},

{Cuo. 7AgD. i {(Ssgoalg) (BB SZBANInpAGH . A}, )(SOBDWR. SAgO. 2( SesBu) 4( I n, Ga, Al) },

{maz&mﬂ 5 ES%&DMEo4an05M0051

{ Cuo. 85Ago @%@m@%&%%&@ Qg‘%u)z Cuo. 5Ago. 5( SesBu) 4Gao. 31 no. 7

Al10. 01} , a{(pllo Oggg)m@%g(sﬁgﬁ §M§A1§5@agu)§}l rio.3A o.4}. Exanpl es of

pol ymeric precursor cpnmpoun dlscLosure i ncl ude conpounds hayi ng

any one of t¢te20Agpuhie By 9ﬂS$§pMﬁp§§%5Ab1XSe Bu)};
25{ (Qu, Ag)(%e}@?é)g V9etB) &, @g&lg{%%m;@g} and

{(Cu, Ag) (St GaiAlg S1P Exanpl es of polyneric
precurs cﬁﬁbuﬁﬁdgﬁ% Uﬁhﬂ§BG( b%%@ébﬁK%BPhh@n@onpounds hayi ng any one of

the repeat I Als 1 )(Se'B
{ Cui .40Ago.f%uf'§et £ ? L) SBuk 510, 05) (Sent h. ) 21;

Preparation of polymeric precursors (MPP-CAIGAS)

Embodiments of this invention provide a family of polymeric precursor
20 molecules and compositions which can be synthesized from a compound containing
an atom M® of Group 13 selected from Ga, In and Al, and a compound containing a
monovalent atom M* selected from Cu and Ag.
Advantageously facile routes for the synthesis and isolation of polymeric
precursor compounds of this invention have been discovered, as described below.
25 This disclosure provides a range of polymeric precursor compositions which
can be transformed into semiconductor materials and semiconductors. In some
aspects, the polymeric precursor compositions are precursors for the formation of
semiconductor materials and semiconductors.
In general, the polymeric precursor compositions of this invention are non-
30  oxide chalcogen compositions.
In some embodiments, the polymeric precursor compositions are sources or
precursors for the formation of absorber layers for solar cells, including CAIGAS,

AIGAS and CIGAS absorber layers.
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30{ Cui . 30Ago.io(StBt)i.4(StBu)(lno.85Gao.i Al0. 05) ( St B1) 21,
{Cui.20Ago.io(StBt)1.3(S1'B11)(1110. 80Ga0. 15A10. 05) (SnB11) 2}; {Cul. 1loAgo.
i o( Set Bu)wo0.28(188123Bu) (| no. 75Gao. 20A10. 05) (Sel' Bu) 2 ; an@Ciasko1054Ams7
05(StBu)i i(SetBu)(lno 7Gao 2Al o i) ( SetBu)21. Exanpl es of polyneric
precursor conpounds of this disclosure include conpounds having any one of
the repeat unit formulas:

{ Cuo. 90Ago. i o( Set &&%;ﬁb@u@opeo Rd gRfbOmad) B8 il

{ Cuo. 85Ago. n(‘St_BuE’o?IQ‘S( t Bu) (I no@%égG%o. %glofﬁ%‘g) (%?E%)g%eld; .

5{ Cuo. 80AgostPdiiang) VEhBenec! héhanaks: pEhffgcsiroghBglgnents and their

{ Cuo. 25Ag0. 20{.S&l.BR. 95(SenBu) (I no. 25Gao. 20A10. 05) ( SenBu) 21,

{ Cuo. 20Ago. 30( St Bu) ( Set Bu) (1 no. 2Gao. 2Al 0. i) ( Set Bu) 21;

{ Cuo. 65Ag0. 30( SetsBlYcHssoG P& BLA [olyTeer 6 GarsuBAIQ@NPPSE Bey) Ximade by

{ Cuo. 60Ago. : | 1 . .

0{ Guo. SoAgoRSBE A EnSTEE R Ruld (Gl Mt B bmeris prsysortongesion o 6
(St Bu) 0. 95 18&ttiBoy ¢ahmolbigamtidinopro)gdtidu pRiltermination.

{ Cuo. 30Ago. 20( St Bu) (;} no. 4Gao. 5Al o. 1) ( SnBu , :

{ Qo 20ng0. 25( SATEL) S et 8L TR ey IO N & hegipn of contacing

{ Cuo. 20Ago. BanGioBu) ¥BERBuY(th AcoBEand IMI(BR B WhSet\NBU N E, and R are as

15{Cuo. i oAg(geif8% et Bu) 0. 95( St Bu) (1 no. 3Gao. 6Al 0.1 ) (St Bu) 21; and Cuo.

| 0Ago. 90( S &8 "fi0. 2Gao. 2A10.1 ) (S etBu)21 Preparation of polyneric
precurswrs ( MPP-AAhGAD)n Rd&aotadidivenié $, ohethdd Hr maMent poRmptiopieclesar fam |y of
pol ymeric precursqr 20 no)ecul es and conposgitions_which c Re synt hesi zed
from a cor‘rp‘B%Ph‘&ClﬁnghSFtﬁPH Oaﬁca%arﬁor@%l??% @fﬁ)kf@thsae‘logtppmr&% =, | n and
A, and a corpenrtdvConida &t ROdFinPaRVakiRIthe 3o MAng® eethed from Cu and Ag.
Advant ageously facile routes for the synthesis and isolation of polyneric
precursor cOMPOHHEayeths same oy differeairid s ielieddPeover ed, as descri bed
bel ow. 25Thi s disclosure provides a range of pol yneric precursor
conpositions which can be transforned into sem conductor materials and

senm conduct BEACITHOSoRETHENde s, t he pol yneric precursor conpositions are
precursors for the formation of sem conductor materials and sem conductors.

I n general, th&g)&ﬁ/lr)regri ﬁgﬁﬁ@grsoﬁni@@ﬁl})os‘iti Ms(ﬁ)ﬁz)t(ﬁks)MBfﬁ@anlare non-
3 - =

15

In Reaction Scheme 1, MP(ER'); and M*(ER?) are monomers that form the
first adduct 1, M*(ER),M®(ER),. Reaction Scheme 1 represents the initiation of a
20 polymerization of monomers. In one aspect, Reaction Scheme 1 represents the
formation of the intermediate adduct AB. In general, among other steps, the
polymerization reaction may form polymer chains by adding monomers to the first
adduct 1, so that the first adduct 1 may be a transient molecule that is not observed
when a longer chain is ultimately produced. When additional monomers are bound to
25  either end of the first adduct 1, then the first adduct 1 becomes a repeating unit AB in
the polymer chain.
In general, to prepare a polymeric precursor, the compounds MP(ER); and
MA(ER) can be generated by various reactions.
For example, a compound M*(ER) can be prepared by reacting M*X with
30 M'(ER). M'(ER) can be prepared by reacting E with LiR to provide Li(ER). Li(ER)
can be acidified to provide HER, which can be reacted with Na(OR) or K(OR) to
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300xi de chal cogen conpositions. I n sone enbodi nents, the polyneric
precursor conpositions are sources or precursors for the formation of

absor ber wayeri®1f38 sol ar cells, including CAl GAS, Al GABCans$2@0aM85absor ber
| ayers. A pol yneric precursor conpound rmay be made with any desired
stoichionetry with respect to the nunber of different Goup 13 el enments and
their respective ratios. As discussed below, a polyneric precursor conpound

may be md%r@%déNﬁ@@?%d‘ﬂ(Eﬁ)%%E@veﬁﬂ IRHRAVEERNOH, kBI MehaE R The

pol ymeric precursor formation reactions can include initiation,

propagat i ondefigediaboEe-mi nat i on. Met hods for making a pol ymeric
precursor may inghyde, tRenst SRoAboEANAER) Bk R rPIRABYdeMAULDE W th a
conmpound MA(ER), vvheré I\/A,p‘il\’/B, 0E?Oand %ﬁa?e as pgefi neg %?bovgg.EE 10As shown in

Reacti on ScHén&RE)SI(GHnet Hrsdomppund RENG(GHpotay he miade by weating & (BRY i ncl ude
the stepn of i\n . (ER% 1 a conmpound MA(ER2), where
VA, NB,Q%ndwﬁﬁg$§€§?%gggﬁﬁgggg%ggg%Eﬁd the%J%%%%E R1 and R2 of the
conpounds nay bén einehes axenme, adbfperndiM” (ERucarte raspathd by nexdtiabd®) REACTI ON

SCHEME 1. . I n.Reacti Schene 1 ER1) 3.apd. . ) are nononers
that form t‘lylléh %ITEP'S tI n R dlgatr’ ?(%Bifal’:%ezp IVI?(a 'i:ﬁﬁl)gg ea%%\%@l“@ nngé%gIr% 1 represents
the initiation dforexadpleekympsund MI(BR); 0fin oprepaesdshy reaction®"Xspétbt , React i on
Schenme 1 repr n e formati on of the internediate adduct AB. In

general , aﬁ@ﬁ%igt%égﬁgf%% © PIEpPEed 5 dospEPe Loy Bn reaction may form pol yner
chai ns by addi ngn amvisrexkanilQ atchepdindN®@dsiwat be prepartdigt reidtiag Mgt adduct !
may be a transi .Jml ecul e that | served en a longer chain is
ultimtely %?%Qﬁgé@EBVhe faaawfwwﬁgﬁﬁﬁ%ﬁﬁ g%%F@&gﬁdﬁﬁx#8£g5@Pther end of
the first adductn dnothdd@ReriflE afcbmpburddi¥ER ):kaRBEPRBHBLY RREAL MG UNi t AB in

t he pol yner chain. In general, to prepare a polyneric precursor, the

conpounds NBUEREB- and MA(ER) can be generated by various reactions. For

exanpl e, a conpaunidoMAGERL pedRralen P ERANESicHYechRBCH cigpMAX Wi th 30 MH(ER).
M-(ER) can be Qrepared by reacting Ewith LiR to provide LléEﬁi. Li (ER) can

be aci di¥ i e Yo(ER)osangeti¢afy boicd i @lage dhe ppeigs v&the wpmpoud r K(OR) to
For example, a compound M M®(ER), can be prepared by reacting MX; with 4

equivalents of M'(ER), where M is Na, Li, or K, and X is halogen. The compound
M'(ER) can be prepared as described above.
The propagation of the polymeric precursor can be represented in part by the
20  formulas in Reaction Scheme 2. The formulas in Reaction Scheme 2 represent only
some of the reactions and additions which may occur in propagation of the polymeric

precursor.

REACTION SCHEME 2:

propogation

B 1
l+M (ER)3 >

R'E)MP(ER"),MAER*)ERHMPER"), 2

propogation

1+ MAER?) - MAERYERHYMBERY),MAER?)

9%}

25
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provi de Na(ER) and K(ER), respectively. In these reactions, E, R and MA are
as defined above. I n another exanple, a conpound M ER) can be prepared by
reacti ng wWbxo11/017288t h ( RE) Si (CH3) 3. The conpound ( RE) Si ¢CH3)S2010am052 made
by reacting MM(ER) 5 with XSi (CH3)3, where Mt is Na, Li, or K, and Xis

hal ogen. I n anot her exanple, a conpound M ER) can be prepared by
reacting MA20 wwth HER In particular, Cu(ER) can be prepared by reacting
CQu20 with HER 1y ReactibR KcRMRMIR 2d@tiGPIROHAH MBI ERR  canherpreRRr ed by
reacting MBX3 with Mr(ER). Mt(ER) can be prepared as described above. 10In
anot her exalp! addugt 1lemppranerc pelitmabaddapts Bang . apweettyclyy [h eaecasperg MBX3 with
(RE) 51 (OB) R T HOPO UM, CREN S ) 0 R0 TRIEAB, Hes0[ R above. 11
anot her exanple, a conpoun(i Al\/B( ER) 3 can be prepared by reacting MBR3 with
HER. Mor eovasiductiipfenigdiater Ay AER bningtncgal pibe gdrets @ apd dengy o transsent onpound 15
M-MB( ER)4 can: ' I | : : [ f; the conpound
VB(ER) 3 Faregia R ot e hor Dol Efoy P nBRE bR 0 Tomet i ng vex3
wi th 4 equi val eriths pofdudts(ERY jnitwh eropagddtion stefdamayldoptiore tiKaddamchoxersinhal ogen.
The Corrpoundrol\gll-gtliEoR A oxgr?in SRR EndRe ?eagglgcltg%lda %B%Xe'o g-nqe propagati on of
t he pol yrrerl? cpﬁrecmsor can be represente m-pa?’t yn¥ he"J0 fornulas in
Reacti on ScMB@R'R.or VHEERQr mul as in Reacti on Schene 2 represent only sone of

the reactio i iich may occur in propagation of the polyneric
precur sor. %&@ﬁgﬁéﬁg ~~1 + MB(ER1)3 propogation
( RLE) MB( ER1) 2MA( ER2) ( ER1) MB(ER1) 2 2

propogation

2+ MA(ER?) -

R'EYMBERY,MAER?ERHMBERD,MAER?)
+

MAERH)ERHMBERD,MAER?ERHME(ER),

I~

Ith

propogation

1
2+ MBER), -

R'E),MBERN,MBERN,MAER>)ERHMBER),

I

10
In one aspect, Reaction Scheme 3 represents the formation of the intermediate
adduct (RE)-BAB-M*(ER) 4, as well as the adduct (RE),-BBAB 6. In general, the
molecules 4, 5 and 6 may be transient molecules that are not observed when a longer
chain is ultimately produced.
15 Other reactions and additions which may occur include the addition of certain
propagating chains to certain other propagating chains. For example, as shown in

Reaction Scheme 4, adduct 1 may add to adduct 2 to form a longer chain.

REACTION SCHEME 4:

propogation

l—i—; »

R'EYMBERDH,MAER?)ERHMEER),MAER?ERHYMBER), 7
20
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25 1 + mA(ER2) propogation ).- MA(ER2) (ER1) MB(ER1) 2MA(ER2) 3 In Reaction
Schene 2, the addition of a nononmer MB(ER1)3 or MA(ER2) to the first adduct
1, may prwouron/|dssti onal adducts 2 and 3, respectivel yPCrrusone/oagpect ,
Reaction Schene 2 represents the formati on of the adduct (RE)-BAB, as well
as the adduct internediate AB-MA(ER). In general, the adducts 2 and 3 may
be transient 5noieties that are not observed when a | onger chain is

ul'timately produg@gk aspect, ReactiR&ScRERIM e Ros s th@?orfnaﬁaﬂ Fhddgaragat i on steps
may continue to add nononers in propagation. As shown in Reaction Schene 3,

adduct 2 na(yREé&ﬂ\%%norrer MB( ER1) 3 or MA(ER2). REACTIO\I SCHEME 3:

propogation 2 + A Effkne hitdl 'Z{%,%Réﬂdzﬁﬁé h(né?l;h) ER3Lq 4 2 +
MB( ER1) 3 MA( ER2) ("ER1 ER1) MB(ER1) 2 5
pr opogat i onwhen a longer chain is ultlmately produced.

5 In some variations, a propagation step may provide a stable molecule. For
example, moiety 6 may be a stable molecule.

In general, AB alternating block copolymers as described in Formulas 18
through 22 may be prepared by sequential addition of the corresponding monomers
MPY(ER); and MP2(ER)s, as well as M™*!(ER) and M**(ER) during polymerization or

10  propagation.

Certain reactions or additions of the polymeric precursor propagation may
include the formation of chain branches. As shown in Reaction Scheme 5, the
addition of a monomer M*(ER?) to the adduct molecule 2 may produce a branched

chain 8.

REACTION SCHEME 5:

7+M A(ERz) branching

(R'E)MPER",MAER?*ERHMB(ER),MAER?ERHYMP(ER'), 8

15 R!E

The propagation of the polymeric precursor can be represented in part by the
formulas in Reaction Schemes 2, 3, 4 and 5. The formulas in Reaction Schemes 2, 3,
20 4 and 5 represent only some representative reactions and additions which may occur

in propagation of the polymeric precursor.
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(R1p2mB( ER1) 2nmB( ER1) 2mA( ER2) (ER1) B(ER1) 2 6 10 I n one aspect, Reaction
Schene 3 represents the formation of the internedi ate adduct

( RE) - BAB-WB(2ER)014238as wel | as the adduct (RE)2-BBAB 6. PaTgsa@0al4051 he

nol ecules 4, 5 and 6 may be transi ent nol ecul es that are not observed when
a longer chain is ultimately produced. 15CQ her reactions and additions
which may occur include the addition of certain propagating chains to
certain other prRRARALINNG dERbRSatin h%@m{@ S oﬁhgm if Reaction Schene
4, adduct! may add to a?dduct Z&%algg{om a orlla:;?yacchal RE CTlI ON SCHEME 4:
propogat i onmecilamsms (IREE) QB ERause RN ERBIPICRRDY @ERI@)MI\/N( )4 ER1) MB(ER1) 2 7
20 dalﬁy%ﬁﬁérchﬂ?ﬂﬁ& ORI IR ERI SRR e hapgetion of the
adduct (RE) BBAB7 of the noieties 4, 6, 7 may be
transi ent, @n@tmyhanﬂd@mm@tlmm@émﬂed'ﬁ/m@nor& (E8ondpere um’qal nis ultimtely
produce 5In s i L .ovide a stable

nol eculg5 For egggrroﬁ‘f(%sb%é %jﬁ%ﬁﬁgbﬂ%?%tp B’HBEE&%C ech£lR\412 general , AB
alternati ngtetmhloaikwd)crp@thynﬁrthe laandmszMBtfws onMﬁ@Rnhbca)meiaenld1¢d3ugh 22 nay be
prepared by sequent on of. e.c fonone nBi (E-, 3 tc)
and MB2(ER) 3, ag vver%almasg OW“é“f\‘w E‘R’?C U hg ]%P YEPR 95T on or

10pr opagat i mrhymeric precursor chaln may terminate when a growing chain represented by the

formula (RE)-BeeeeeeB reacts with another chain having the same terminal (RE)-B

10 unit to form a chain having the formula BesssssBBeeseesB,

REACTION SCHEME 6:

termination

2 ( RE——Bessssssscsssssenes B )

(RE)zB..................BB..................B

15
In Reaction Scheme 6, two chains have combined, where the propagation of
the polymer chain is essentially terminated and the product chain
(RE),BeeeeeeBBeeeeeeB hag chain terminating units that are B units.
20 In further aspects, the propagation of the polymeric precursor chain may

terminate when the growing chain forms a ring. As shown in Reaction Scheme 7, a
propagating chain such as 5§ may terminate by cyclization in which the polymer chain

forms a ring.
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Certain reactions or additions of the polyneric precursor propagation may

i nclude the formati on of chai n branches.

addi ti on wb 21vom3ser MA(ER2) to the adduct nol ecul e 2 may/yscadue®sa
branched chain 8. REACTION SCHEME 5: 7 + MA(ER2) branching
( RLE) MB( ER1) 2MA( ER2) ( ER1) MB( ER1) 2MA( ER2) (ER1) MB(ER1)2 8 15 MA\ ER ER2 \ /

mB \ ER-

10

15

20

25

ER NA\ ER ER2

REACTION SCHEME 7: /ER]
B A
ERZ" M\Eer\<I ‘TRZ
cyclization
2 . > ER! ER! ER! ER!
termination \ /B \ /(
17/I\ERl ErRI—M
ER!
ERZ\}\/IA/ \MB/ER2
\ERl

A polymeric precursor compound may be a single chain, or a distribution of
chains having different lengths, structures or shapes, such as branched, networked,
dendrimeric, and cyclic shapes, as well as combinations of the forgoing. A polymeric
precursor compound may be any combination of the molecules, adducts and chains
described above in Reaction Schemes 1 through 7.

A polymeric precursor of this disclosure may be made by the process of
providing a first monomer compound having the formula MP(ER")s, providing a
second monomer compound having the formula M*(ER?), and contacting the first
monomer compound with the second monomer compound.

In some embodiments, the first monomer compound may be a combination of
compounds having the formulas M®'(ER");, M®*(ER?); and M®**(ER?);, wherein M®',
MB? and M® are Ga, In, and Al, respectively, and R', R? and R? are the same or
different and are independently selected from alkyl, aryl, heteroaryl, alkenyl, amido,
silyl, and inorganic and organic ligands.

In certain aspects, the second monomer compound may be a combination of
compounds having the formulas M*'(ER*) and M**(ER?), wherein M*! and M** are
different atoms selected from Cu and Ag, and R* and R’ are defined the same as R,
R*and R’

In further aspects, a method for making a polymeric precursor may include the
synthesis of a compound containing two or more atoms of M® and contacting the
compound with a compound M*(ER), where M*, M®, E and R are as defined above.
For example, (ER),M"'(ER),M"*(ER), can be reacted with M*(ER?), where M"' and

MP? are the same or different atoms of Group 13.
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t he



\ / nB RIE/ \ER The propagation of the polymneric precursor can be
represented in part by the fornulas in Reaction Schenmes 2, 3, 4 and 5. The
f ormul as WO 2ReA0r338n Schenmes 2, 3, 20 4 and 5 represent POMUS26G10/0@4057
representative reactions and additions which nmay occur in propagation of

t he polyneric precursor. Term nation of the propagating pol yner
chain may occur by several nechanisns. In general, because of the val encies
of the atoms MAN&RLdYRr rﬁak@ﬂym[&&}trﬁ&cwcmefmahaé tBYmdo® ilWhathand N a MB
unit, but not an MA unit. In sone ects, a chain termnating unit is a B
unit, or a @@Ry@@mnwmp@pﬁ @dﬁ@@@%@@@@me@ﬁ@nmuaéagatbpé@mwedﬂﬁé pol yreric
pr ecur sor s U ST Gk OGN 1k BRFR! 1 BRI NEGERE O MA(ER)
beconmes depleted. In certain aspects, as shown in Reaction Schene 6, the

pr opagat i orﬂn@lformehéorpmuyéremd e pﬁce@djmgmmqmamnoumﬂynwé)ﬁnvmwt@i alen a grow ng
chain repr b e t chai n havin

t he sangptS? ﬁ$éﬁ§§Eﬁﬁfg{gﬁ'?“%%%%ogﬁlg @ﬁ%ﬁ%m%QQQﬁﬁﬁ> gﬁ%ornula BBBBg
REACTICNSCZ:QEI\?EG 2 RE -B termnation B) (RE)ZBBBB

Controlled stoichiometry of polymeric precursors (MPP-CAIGAS)

A polymeric precursor compound may be made with any desired

10 stoichiometry with respect to the number of different Group 13 clements and their
respective ratios.

In some embodiments, the stoichiometry of a polymeric precursor compound
may be controlled through the numbers of equivalents of the monomers in the
formation reactions.

15 In some aspects, the monomers M®'(ER)z, MP*(ER); and M} (ER"); can be
used for polymerization. Examples of these monomers are In(ER)s, Ga(ER'); and
AI(ER?);, where the groups R, R' and R? are the same or different and are groups
attached through a carbon or non-carbon atom, including alkyl, aryl, heteroaryl,
alkenyl, amido, silyl, and inorganic and organic ligands. In some embodiments, the

20 groups R, R' and R? are each the same or different from the others and are alkyl
groups attached through a carbon atom.

In further aspects, the monomers M®'(ER)(ER"),, MP*(ER?)(ER"), and
MP*(ER*)(ER), can be used for polymerization, where the groups R, R', R?, R®, R*
and R are each the same or different from the others and are groups attached through

25  acarbon or non-carbon atom, including alkyl, aryl, heteroaryl, alkenyl, amido, silyl,
and inorganic and organic ligands. In some embodiments, the groups R, R',R* R?,
R* and R’ are each the same or different from the others and are alkyl groups attached
through a carbon atom.

Embodiments of this invention may further provide that the stoichiometry of a

30  polymeric precursor compound may be controlled to any desired level through the
adjustment of the amounts of each of the monomers provided in the formation
reactions.

As shown in Reaction Scheme 8, a polymerization to form a polymeric

precursor may be initiated with a mixture of monomers M*(ER*), M®'(ER");, and
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15 I n Reaction Schene 6, two chai ns have conbi ned, where the
propagation of the polyner chain is essentially termnated and the product
chai n (RByOBBBR1MB8 chain termnating units that are B ®BOItGs2012044957 urt her
aspects, the propagation of the polyneric precursor chain nay term nate
when the growing chain forns a ring. As shown in Reaction Schene 7, a
propagating chain such as 5 nay termnate by cyclization in which the

pol ymer chai &R MRavéhelan P Grbit dd GN o%ﬂﬂ}@y? h&r¥ §lid kel gﬁ'e h&scm nation
ER AA13/ /&Bl')' | v > ?Eli?ira\%?lgl I ER(I. I\XE E121|\/B YER ER nmB Et1l
thatM and M~ can each be a mixture of Ga, In and Al

REACTION SCHEME &:

initiation

m MBY(ER'); + n MPX(ER?); + MAER?)
MAER’)(ER)(nMP!, mMP2)(ER '),

In Reaction Scheme 8, a polymerization can be performed with a mixture of
monomers in any desired amounts. In certain variations, a polymerization to form a
polymeric precursor may be initiated with a mixture of any combination of the
monomers described above, where the number of equivalents of each monomer is

10 adjusted to any arbitrary level.

In some variations, a polymerization to form a polymeric precursor can be
done using the monomers M*'(ER") and M**(ER?), for example, which can be
contacted in any desired quantity to produce any arbitrary ratio of M*' to M*?,

In some aspects, for alternating copolymers of monomers M*(ER) and

15  MP(ER)s, the ratio of M* to M® in the polymeric precursor can be controlled from a
ratio as low as 1:2 in the unit BAB, for example, to a ratio of 1:1 in an alternating
(AB), polymeric precursor, to a ratio of 1.5:1 or higher. The ratio of M* to M® in the
polymeric precursor may be 0.5to 1.5, 0r0.5to 1,or 1to 1,0r 1t0 0.5, or 1.5t0 0.5.
As discussed above, in further embodiments, a polymeric precursor compound may

20 be made with any desired stoichiometry with respect to the number of different Group
13 elements and their respective ratios.

In certain aspects, a polymerization to form a polymeric precursor can be done
to form a polymeric precursor having any ratio of M* to M®. As shown in Reaction
Scheme 9, a polymeric precursor having the composition {p M*(ER) / m

25  MPYER); /n MPX(ER);} may be formed using the mixture of monomers m
MPYER); + n MPX(ER); + p M*(ER), where it is to be understood that M®' and M*™?

can each be a mixture of Ga, In and AL
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ER2---"smA ?nB,-ER2 \ ER A polyneric precursor conmpound nmay be a single
chain, or a distribution of 5chains having different |engths, structures or
shapes, swohoaim3anched, networked, dendrineric, and cPcCrius2ehap®s7 as
wel | as conbi nations of the forgoing. A polyneric precursor conpound may be
any conbi nation of the nol ecul es, adducts and chai ns descri bed above in
Reaction Schenmes 1 through 7. A polyneric precursor of this disclosure may

be made by RIFAETRORSCHEMP oproviding a first nonomer conpound having the
formula MB(ERL1) 3, providing a second nononer conpound having the formul a

MA(ER2), and contacting the EErst nonongr conmpound with the second nononer
conpound. m Mn' §idk eniddi ddh s, ptMie(BRY st monmomer—cdnpound nmay be a
conbi nati on of conpounds having the fornmulas MB1(ER1) 3, nB2(ER2)3 and

MB3( ER3) 3, wherein M1, 15MB2 and MB3 are,Ga In,mﬁﬁd Al, respectively, and
Rl, R2 and R3 are the same or differerP MndER} emi Mdeddhlidit Mj €eRisdt ed f r om
al kyl, aryl, heteroaryl, alkenyl, am do, silyblynefid préQirgeni c and organic
ligands. In certain aspects, the second nononer conpound nmay be a

conbi nati on of - conpounds having the formulas MA

i (ER4) and mA2 (EK ), wherein MAL and MA2 are 20 different atons sel ected

! N e o . . In furth
rom Cu and Ag I@@%ﬁl %?‘Eﬁ%‘g %@Bﬁ@@df!ﬁ%oﬁl@& oP R sanﬁ%i%wgﬂﬂ,atgg;% n further

aspects, a nethod for ol'ymeric precurs y e
synt hesis ohomneongfdd{BREaa be wieddn thabormrtioneestiato for efaniie, and cont act i ng

t he conpound.with a conmpoun NQ%ER where NA Awg @@%RR i s defined
above. 25 RaISrl e BROPRY Byt oy o RS ey (B A TERENERRTY o )
where MB1 aand NUB(ER'®, hee semamber dicfjiieslent ofahdnmonfmd@isampndeBendent
Met hods fo&gﬁ%h;n a golyneric precursor include enbodi ments in which the
first nono Edﬁ%ﬁﬁﬁ‘mﬁnd the second nononer conpound may be contacted in
a process of deposbtantpl, tephtay ionthe atdaNThOM® o a polyMbdidygecukddr GRY bai n
enbodi nents, the f{rst nmononer cqypound and t@e Second nononer, conpound may
be cont 4kt ea&ogtto.%: or greater, or about 0.6 ;' 1 or greater, or about 0.7 : 1 or greater, or about
0.8 : 1 or greater, or about 0.9 : 1 or greater, or about 0.95 : 1 or greater. In certain
variations, the ratios of the atoms M* : M® in a polymeric precursor may be about
1 : 1 or greater, or about 1.1 : 1 or greater.
In further examples, the ratios of the atoms M*:MPina polymeric precursor
15  may be from about 0.5 to about 1.2, or from about 0.6 to about 1.2, or from about 0.7
to about 1.1, or from about 0.8 to about 1.1, or from about 0.8 to about 1, or from
about 0.9 to about 1. In some examples, the ratios of the atoms M* : M® in a
polymeric precursor may be about 0.80, or about 0.82, or about 0.84, or about 0.86, or
about 0.88, or about 0.90, or about 0.92, or about 0.94, or about 0.96, or about 0.98, or
20  about 1.00, or about 1.02, or about 1.1, or about 1.2, or about 1.3, or about 1.5. In the
foregoing ratios M* : MP, the ratio refers to the sum of all atoms of M* or M®,
respectively, when there are more than one kind of M* or M®, such as M*' and M*?
and M®! and M™%,
As shown in Reaction Scheme 10, a polymeric precursor compound having
25 the repeating unit composition {M*(ER),(m M®' n MP*)(ER),} may be formed using
the mixture of monomers m MP'(ER); + n MPX(ER); + M*(ER), where it is to be

understood that M®' and M®? can each be a mixture of Ga, In and Al
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5 tenperature of fromabout -60 C to about 100 C, or fromabout O Cto
about 200 C. Controlled stoichionetry of polyneric precursors (MPP-CAl GAS)
A pol ynerwo 2prigam3sor conpound rmay be made with any desiPcedS2@sioaioshi onetry
Wi th respect to the nunber of different Goup 13 elenments and their
respective rati os. I n sone enbodi nents, the stoichionetry of a

pol ynmeri c precursor conpound may be controlled through the nunbers of

equi val ent spef iin.the formation reactions. 15l n sone aspects,
t he nnnorrerg%q?m%%—l%ﬂ tc) and MB3(ER1) 3 can be used for

pol ymeri zati on. Exanples of these nononers are In(ER)3, Ga(ER1)3 and

Al (ER2) 3, wher ; MB(ER pups MP2(RR)ard NR(ER e t he -sare—er—afferent and are
groups attached through a carbon or non-carbon atom including alkyl, aryl,
het eroaryl, al kenyl, am do, silyl, and inorganic and organic ligands. In
sone embodi nents, the 20 groups R, RL and RAI“GER)gacMthemMsBneEoy,! different
fromthe others and are al kyl groups attached through a carbo atorp

In further aspects, the monomers MBL(ER) (E¥l ?}erﬁéﬁ‘%@ﬁﬁ?f@ﬁﬁ?gngﬁ !

MB3( ER4) (ER5) 2 can be used for pol ynerization, where the groups R Rl, and
RS are eachthe . &a®Rne B QLY nf £:QM;t b ot hers and are groups attached
t hrough 25a car%on or non-carbon atom including alkyl, aryl, heteroaryl,
al kenyl , ami do, Estogimengrd thinmyedion enagidelthsr pramide a ppkyads pretwisaone

enbodi ts ; 4 r t he same or

di ffer(renralﬁtnl fl}l%&r% %ngﬁlgtﬂ(ﬁg?rgogﬁé@ﬁn%ﬁﬁﬁﬁrvglt%%st attot?al é%ﬁg%?p ﬁr ough a carbon
atom Enbodiqubntests of mbhirsers o AR s lemythdnithé toeul nymloey ioflequizhdntstofie

N g A T T N
provi ded i nhathiesubsoizhivimnicreedcfidians atoms of MARlsRowntoms et i on Scheme 8, a
pol yrer | zati on Lo {of 8 hel YTEL LG, bASeNlR0r, TR Sl RGP
10  to a composition or formula in which there are fewer atoms of M* than M®.
As used herein, the expression M* is enriched, or M* is enriched relative to
M?® refers to a composition or formula in which there are more atoms of M* than M®.
As shown in Reaction Scheme 11, a polymeric precursor having the empirical
formula (MAl1_XMA2X)H(MB11_y_tMB2yMB3t)V((E11_ZE2Z)R)W may be formed using the
15 mixture of monomers M®'(ER)s, MP*(ER); and M*(ER), where it is to be understood
that M®! and M®? can each be a mixture of Ga, In and Al, and M* can be a mixture of

Cuand Ag.

REACTION SCHEME 11:

v(1-y) MBYER); + v(y) MP?(ER); + x MA(ER) >

{MAX(MB ! 1 -yMBzy)V(ER)W}

polymeric precursor
20

where w is (3v+x).
A precursor compound of this disclosure may be a combination of u*(1-x)
equivalents of Cu(ER), u*x equivalents of Ag(ER), v*(1-y-t) equivalents of Ga(ER)s,
25  v*y equivalents of In(ER);, v¥t equivalents of AI(ER);, wherein the compound has
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m2(E-2.3 ) having any arbitrary ratios of stoichionetry, where it is to be
understood that MBl1L and MB2 can each be a mxture of Ga, In and Al .

REACTI ON wOoHEMA1&238m MBL(ER1) 3 + n MB2(ER2) 3 + MA( ER3) iPRITIlS2M10084057
MA(ER3) (ERL, 2) (nnB 1 ,namB2) (ERL,2)2 t 5 In Reaction Schene 8, a

pol yneri zation can be performed with a m xture of nononmers in any desired
anpunts. In certain variations, a polynerization to forma polyneric

precursor ngych r1lc£1'f6ﬂnﬁﬂla€’(‘¢ mxn,&gﬂ)u(?eam Hh sm@((gf QON)WQQHQEBQ&E ﬁemqftot he
nmononers descrii above, er o? qgui val ents of each nononer

i s 10adj ustkd i BO%trWO &rts fremOyto |l ehe ﬁum of y plus {i§ fr@éh‘btoxﬂa? isftqpfso L.a

pol yneri zat C Iy he nononers
Uit (B PR Ry A B e R P any,

desi r ed quaeftwhish theye preod ncambay and o indgpapdendlyisolegied fam atkyL 2. |1 n sone
aspects, s f Oﬁete%a't{%r ménpggm%%% ;Elﬁg ﬁlg? anfCANQ Ukhatic ‘i{gz(dﬁ@ and 15 MB(ER)3, the

ratio of MAto e poly cursor can Be controlled froma ratio
as low as 1:2 irdngdmee @mbdcderﬁnB,, a perurexanmpeyndinaeyahavathe empfricdl: forniuda an

e Y T O T LA
1, or 1 to ftgmO0Ltd 1 i som iy plus it or® 0HO1 Asl, dnsﬁm@ed lablemm 0.7 further
RGN AP CE NS TR LT TR N RSN R
t hei r raspesat Wie nli@bdrOsd are independently selected from alkyl, aryl, heteroaryl alkenyl,
amido, silyl, and inorganic and organic ligands. In certain embodiments, t may be
from 0.001 to 1, or from 0.01 to 1, or from 0.02 to 1, or from 0.03 to 1, or from 0.04
to 1, or from 0.05 to 1, or from 0.07 to 1, or from 0.1 to 1, or from 0.2 to 1, or from
0.3 to 1, or from 0.4 to 1. In certain embodiments, x may be from 0.001 to 1, or from
15 0.01to1, or from0.02 to 1, or from 0.03 to 1, or from 0.05 to 1, or from 0.07 to 1, or
from 0.1 to 1, or from 0.2 to 1, or from 0.3 to 1. In certain embodiments, t may be
from 0.001 to 1 and x may be from 0.001 to 1, or t may be from 0.01 to 1 and x may
be from 0.01 to 1, or t may be from 0.02 to 1 and x may be from 0.02 to 1, or t may be
from 0.05 to 1 and x may be from 0.05 to 1, or t may be from 0.1 to 1 and x may be
20  from 0.1 to 1, or t may be from 0.2 to 1 and x may be from 0.2 to 1.
A precursor compound of this disclosure may be a combination of u*(1-x)
equivalents of Cu(ER), u*x equivalents of Ag(ER), v*(1-y-t) equivalents of Ga(ER)js,
v*y equivalents of In(ER);, v¥*t equivalents of AI(ER);, wherein the compound has
the empirical formula (CuixAgy)u(Gai.y-dnyAl)((S1.Se,)R)w, wherein x is from 0 to
25 1l,yisfromOto 1, tis from O to 1, the sum of y plus tis from O to 1, z is from 0 to 1,
uis from 0.7 to 1.25, v is from 0.7 to 1.25, w is from 2 to 6, and R represents R
groups, of which there are w in number, and are independently selected from alkyl,
aryl, heteroaryl, alkenyl, amido, silyl, and inorganic and organic ligands.
In some embodiments, a precursor compound can be a combination of w*(1-z)
30 equivalents of Cu(ER"), w*z equivalents of Ag(ER?), x equivalents of Ga(ER?)s, y
equivalents of In(ER4)3, t equivalents of AI(ER5)3, wherein the compound has the
empirical formula (Cu1_ZAgZ)WInXGayAlt(ERl)W(1_Z)(ERZ)(W*Z)(ER3 )3X(ER4)3y(ER5)3t, W
is from0.5to 1.5, zis from O to 1, x is fromOto 1, yis fromOto 1, tis fromOto 1, x

plus y plus t is one, and wherein R', R%, R®, R* and R® are defined the same as above.
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In certain aspects, a polynerization to forma polyneric precursor can be
done to forma polyneric precursor having any ratio of MAto MB. As shown
i n React iwo0 28tmams89, a pol ynmeri c precursor having the eowpssémioewnst p
MA(ER) / m25 MBL(ER)3 / n MB2(ER)31 may be formed using the m xture of
mononmers m Mm1(ER)3m2(ER)3 p NI (ER), where it is to be understood that
MB1 and MB2 can each be a mxture of Ga, In and Al. REACTI ON SCHEME 9:

nBi (ER) 3 n nB2 (RYmeerbdMbER) aioféc%&r% ngbutﬂi%aﬁ B&) SorbifdRh %W%%' ymeric

precursor In certain variations, er of nmononers of R and any
number of @Wﬁ@ﬁ@ﬂ@%@%@é@%lﬁfﬁt%%% i FheCBJW@leﬂbloﬁﬁ@(Eﬂ\krﬁéactl ons. For

exanpl e, u (ER),
mo( R it T o R B R R <o PORReS Mt s of each

nononer is @rpifigiEpendda- zéﬁdwlaﬁ(myﬁh%)waﬁﬂlht)(wm@ )ebERTBI(BR he rati os of
the atong I\{JSA‘froMEb 4/\8> laQ§)%llsyflg&£b90 Pr qgﬂ%ﬁl‘?ﬂgﬂmﬁﬁﬁ@%@ﬁs g 1o & OF

greater, about reater greater, or about
0.8 : 1 or JgplaaYQ}uﬁtmronaboduwhere@R R’ &, RfrapdRépre dofinaltbeisan®.285 : 1 or
greater. In certaln variations, the ratios of the atons MA: MBin a

pol ymeric precursor may be about 1: 1 or greater, or about 1.1 : 1 or
greater. In furLﬁhmfecﬁmm‘plhﬁmndtoﬁélisl’(ﬁﬁdl([sﬁre(mflaytﬂae cambimBtiddof xVB i n a pol yneric

precur sor 15na 0 b 5 to abo , or fro b 6 to about
Dt on ot it obCoER b ubedR S badhrdh s G ke 1

fL om about @"tSqdﬁhlﬁﬂMAl@ER)QRVhfefeﬁﬂﬂlab@hﬁouﬁd Bastthe ablﬁti&al Iormlul‘:l some exarrpl es,
the ratios a a. pol yne precur be about 0. 80,
or about O. @‘2‘((5 tIﬁ)bﬁg?(Sgﬂ%@k/Ebwﬂﬁrﬁwmé @6d§[9r g%f) ro‘ﬁoég g% about 0. 90,
or about O0.8&m 008 13RO 6k Gstus QE fraR@Ub 10z RG50nP0 toAR QW fréln 88,10 @15, wOabout

1.00, or about 1,02, or about 1.1, or about 1.2, or about 1.3, or about
1.5 1In thes from 2 to 6, and R represents R groups, of which there are w in number, and are

independently selected from alkyl, aryl, heteroaryl, alkenyl, amido, silyl, and
15  inorganic and organic ligands.
A precursor compound of this disclosure may be a combination of x
equivalents of Cu(ER), v¥*(1-y-t) equivalents of Ga(ER)3, v*y equivalents of In(ER);,
v*t equivalents of AI(ER);, wherein the compound has the empirical formula
Cux(Gayy.dnyAl)v((S125¢€,)R)w, wherein x is from 0.5 to 1.5, y is from O to 1, tis
20  from 0 to 1, the sum of y plus tis from 0 to 1, zis from O to 1, v is from 0.7 to 1.25, w
is from 2 to 6, and R represents R groups, of which there are w in number, and are
independently selected from alkyl, aryl, heteroaryl, alkenyl, amido, silyl, and
inorganic and organic ligands.
In some embodiments, a precursor compound can be a combination of z
25  equivalents of Cu(ER"), x equivalents of Ga(ER);, y equivalents of In(ER*)s, t
equivalents of AI(ER’)s, wherein the compound has the empirical formula
Cu,In,GayAL(ER y1-2(ER?) i (ERan(ER)3y(ER )3, z is from 0.5 to 1.5, x is from
0tol,yisfromOto 1, tis from O to 1, x plus y plus t is one, and wherein R, R%L R?,
R* and R’ are the same as defined above.
30 In some embodiments, a precursor compound can be a combination of z
equivalents of Cu(ER"), x equivalents of Ga(ER’)s, y equivalents of In(ER*)s, t
equivalents of AI(ER’)s, wherein the compound has the empirical formula

Cu,In,GayAl(ER N1 (ER?)win(ER)sx(ER)3(ER )3y,  is from 0.7 to 1.25, x is from

50



foregoing ratios MA: MB, the ratio refers to the sumof all atons of MA or
MB, respectively, when there are nore than one kind of MA or MB, such as
MAL and Ne@ 2andhikB8 and MB2. As shown in Reaction SchemeCTIQS2&@opeiogneric
precursor conmpound having 25 the repeating unit conposition {MA(ER)2(m

nBl ,n NI-B2) (ER)2} may be fornmed using the m xture of nononers m MB1(ER)3 n
mB2(ER) 3- A(ER), where it is to be understood that MBl and MB can each be a
i xture of @, L @0k 1, VRROII O RSBRCTI MSROMA A4OR T HEARTI ON SCHENE
10: mmi (ER)3 "n mMm2(ER) 3 I\/A(ERZ) {MA(CER)2(m MB 1,n ml12)(ER) 2} pol yneric
precursor rRpadly mee thhsameay dEinedeboe- Scheme 10, the sumof mand n is one.
Embodi ments of tfksrulAGRLL OfiRX drBDILBERC ReOild B RRLYARY | C Precursor 5
made from nononers of I\S/E( ER) ell‘n l\?BPE%%)S,IéI\?m{’eere t%eptot aflﬁ%glunber of

equi val ent sadyfntpasnesebspropardday Ry dssiredstoiqhirametiy vathtretpast toitheber  of

equi val ent s POAR I iments, a polyneric
precursgS;1 n%‘gﬁ Se naggr&?rgga}tguévg%%E%?So%n?ﬁ]?eg{r%tﬁgfe?tg%g?%géfi cient in atons of MA
relative to atons sbéwi/B Restiastticihe t 2iampolynivec prepuegsompodd may Wef i ci ent, or
MA is deficient t.0 MB refers 10 to sition ar f 20 N ich there
are fewer O ARERER fuldeh® oV REROE oo Gy PR Al o W <
enri ched, ofquMAlehs o€ NF{ERTgdvireed M| and M'S aMBliffebmrasontisoof &GroqniBosit i on or

formula in i there.are re.atoms .of MA th . As own in Reaction
Sohone 11 BMBRRIR £isdr G IR eer TR iR 3 M AR R oon( a1 v
t My B30y ol indzks@ad thavWPbandWNIE chi paciy abexdierotes, hsind g\l tdae M Scaribstaur e of

nononers ML1(ER) 3, mB2(ER) nd MA(ER), where it is to be understood that
MB1 and MB2™ g%%%‘ha a ‘grPS?]P’H]F‘éC é?c‘%%ﬂrc?lﬁp%}ﬁd H)&@%tae RMRPESEH be a mixture
of Cu and A@rmula (Cu1_ZAgZ)WInXGayAlt(ERl)W(1_Z)(ERZ)(W*z)(ER3)3x(ER4)3y(ER5)3t-

REACTION SCHEME 12:

x MBYERD); + y MPAER?); + zMAERY) ———— =

M, MPLMP2 (ER )3 (ER?)3y(ER),
polymeric precursor

15
Crosslinking polymeric precursors
Embodiments of this invention encompass methods and compositions for
crosslinking polymeric precursors and compositions.
20 In some aspects, a crosslinked polymeric precursor may be used to control the

viscosity of a precursor composition, or a polymeric precursor ink composition. The

crosslinking of a polymeric precursor can increase its molecular weight. The

molecular weight of a polymeric precursor can be varied over a wide range by

incorporating crosslinking into the preparation of the precursor. The viscosity of an
25  ink composition can be varied over a wide range by using a crosslinked precursor to

prepare an ink composition.

In some embodiments, the crosslinking of a polymeric precursor composition
may be used to control the viscosity of the composition, or of a polymeric precursor

ink composition. A polymeric precursor component of a composition can be
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REACTI ON SCHEME 11: v(1l-y) MB 1 (ER3 v(y) M2(ER3 x MA(ER) | mAx(nBl nB2
(ER 1-yylI AW polyneric precursor 20 where wis (3v+x). A precursor
conpound Wb 20hiE7138scl osure may be a conbi nation of u*( PEX)US2010/044057

equi val ents of Cu(ER), u*x equivalents of Ag(ER), v*(1-y-t) equival ents of
G(ER) 3, 25 v*y equivalents of In(ER)3, v*t equivalents of A (ER)3, wherein
the conmpound has the enpirical formula

(Cui _xAgx) . &@%hmaédﬁowamlga%ésﬁhmﬁé@gaﬁ)o the é’&ﬁﬁ‘{oﬁh&a xTﬂesmfcawo@ ah0 1, Yy is
fromO to 1, is from , the sum of us t is fromOtol, zis
fromoO to 1mk90rr11@08ftwarma@bsvweﬁd10vsrawdpgantgﬁgw@l@wow@mwg%t Prom2 to 6,
and R repregeniSoRp&i@iPes. of which there are win nunber, and are

i ndependent |y sel ect ed from al kyl, aryl, 5heteroaryl, al kenyl am do,

silyl, and i nor dafirthchgsgeaty, Q@m@slmkgmﬂﬂgpolymerlc PlepuIs wempoRiisdimeINnt 5, a

precurs C I

(G gy BRI gREE B RIS B min Mg it e prceuron, 4 1
fromO to 1, t iBxafmplsvia @0@linking.agenth'eclsdﬁrﬂi(Sf(Cﬁg)p)lz ushere E & afdefimed. 001 to 1,
zis fromOQ,to s fr 0.5to 1.5, wis from?2
to 6, and R?broé%rwélécgln II%%Om%merC,ha ?Vlwﬁ M:'Ef §¥0§‘8 are win nunber, and are
i ndependent | y selxempbdofznmmjﬂkyg ageatiytlnddIEREBAVI)(EREaHkedy| , ami do, silyl,
and i norganj a r r n enbodi ments, t nmay be from
0.001 to 1% it el ] ggfar??%?ﬁ%e PP 1, or fromo0.03 to 1, or
fromO.0¥ to 1, Aocroisnlﬁmg)ag}:ﬁt &aiﬁbé,ma@ébjff feaing. (ﬁlZOtvﬂth]HEREHfd’fbfﬁlO. 1to 1, or
fromO0.2 to to 1, or from0.4 to 1. In certain enbodi nents,
X may be fr%‘I‘ﬁEB%E% @'ETE%E% from150.01 to 1, or fromO0.02 to 1, or from

0.03 to 1, or fr&mnpleg)&at&oskhmaﬁg igeﬁnh&u&b7dlmcb1s1andQ1risefeh@1§nf@r ckafplel, or from
0.2to 1, or from0.3 to 1. In certain enbodi nents, be fromO0.001 to

1 and x may"TBRER: vfse Ec?@ﬂ%e gs degipeq aboys, B diselepphean @10% VaRR x may be

from0.01 t@odps O‘Pﬁlfferéﬁ?ﬁfolﬁﬁericrﬁ?@u%opghaﬁrﬁ té‘-lnﬁ@tﬂel‘haﬁ%ﬁoé&@neﬂom 0.02 to 1, or
t may be from0.05 t d x may be from0.05 to 1, or t may be fromO0.1

to 1 an¥ x may wélez@mp}e@rﬁmssimk@gysm@ﬁEB%gs shevi indiprgiop Scheme Ehd x may be
from 0.2 tOIn:IReac‘uon Sch eof@% {ns%?ypa&%% %re&@éo?at@'lﬁﬁé e may be a
conbi nati on of u*(1- equi val ents o u*x equi val'ents of Ag(ER),
v¥(1-y-t) e@}&ﬁlﬁm ‘éﬁhsllr@mat@l(OER)PEERv*y equi val ents of In(ER)3, v*t

equi val ents of Al (ER)3, wherein the conpound has the enpirical formula
(Cui _xAgx).(Gi _y tinyAlt)v((Si _zSez)R),, wherein x is fromO to 251, y is

fromO to IREACTIONSCHEME 1the sumof y plus t is fromO to 1, z is
fromOtol, uis fromO0.7 to 1.25, vis fromO0.7 to 1.25, wis from2 to

6, and R represents R groupsy of which there are wihn nunber, are
i ndependently sgl ectled from al kyl, aryl, heteroaryl / al k%nyl am o, silyl,
and i norgani c gnd organi gERi ds. -2 HER

2 ME \MB + HEREH —»
“ET Mg
R \
RV
E/ ER
MA MB
\
TET MR
R

20
In another example, Cu(ER'E)Cu can be used during synthesis of a polymeric

precursor to form crosslinks.
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I n sone enbodi nents, a precursor conpound can be a conbi nation of w(1-2z)
30 equivalents of Cu(ERl), wz equivalents of Ag(ER2), x equival ents of

Ga( ER3) 3, w9 2egquitvmBent s of In(ER4)3, t equival ents of APCERBR®O/0wST i n t he
conpound has the enpirical formula

(Cui _zAgz), I nxGayAl t (ERL), (i _z) (ER2) (Wz) (ER3) 3x(ER4) 3y(ER5)3t, wis from
0.5to 1.5, zisfromOto 1l xis fromOtol yis fromOto 1, t is from

0 to 1, x plus Yrlodfndnts oF 1ROBwerRRE nih) SlificPpidlide RérosfkinBdgad RS are
defined the sane as ab sone en%odlnents, a precursor conpound

ove. I n
can be a comingahq igrmee RO ER BRG] ER)e mheredf -Gl RERDR arges defggilval ent s of
Ag(ER2), x gg é.‘@%l%@stlﬁkﬁl ¢ ERARindimBVH KA SESt g sHERR)P ¢
equi val ents of Al (ER5) 3, tg\'7\1§€glrei nt he rl(lz‘orrpouur]d has ‘tlh% %(Hpi rical formla
(Cui _zAgz) , nolw@aigArect BRI, foim orpysEmR) ¢nin 2QrinERe) e ERA)rIPHCERS) 3t, w 5is from
0.7 to 15 25, Ogi'ﬁm{romo to 1, xisfromOtol yisfromOtol, t is
fromO to 1, plus y plus t is one, and wherein Rl, R2, R3, R4 and R5 are
defi ned t he sandnagnadioeliments, a polpmprieprewsnr ngwmpopechtofrosshileblti scl osur e
may be a cogmbi.nation of ,x equivalents of CU(ER), v*(1-y-t qui val ents of
GalER 3 vt et & YRRt tadl oS B po Akl bhofi ks s wher ei n
t he conpounttlc Ragoupkef erqair mocakindsan el palyGuwexic Gedcurgort | nyAl t ) v((SIi _zSez) R), ,
wherein x is fr 0.5 to 1. i.s fromO to. t is framO to 1, the sum
of Cy plus ¢ i's TPaPB: bl el gbindtpad il gty 175w ;s
from2 t® Gepory)dndReychpudisenisl IRePrAau@Seactive pilivs COrdsflpkigaliag by 1 N nunber, and
are independently sel ect fromal kyl, aryl, heteroaryl, alkenyl, am do,
silyl, and %ﬁ'% ¥dJ§HP?ﬁ%4§g‘n8W@%ﬁ%a‘¥}nﬁlé‘ﬁﬂé the use of hegt, Eié&%?%t?lyéonpound of
this di scl oguiel ABY vhRadzEioRRitAalchRAtaDfulfsr. equi val ents of Cu(ER), v*(1-y-t)
equi valents of Ga(ER)3, v*y equivalents of In(ER)3, v*t equival ents of
Al (ER) 3, wherein the conpound has the enpirical formula
Cux(Gai _y_thewast ) v((Si _zSez) R),, wherein x is from0.5 to 1.5, y is fromO
to 1, t is QQ%romO to 1, the sumof y plust is fromO to 1, z is fromO
to 1, vlis fromlosomeembodimentyyapelymedaprecirr gompesdior mayprdederit s R groups,
of whi ch t hey enane)gaki M HBEFo u@eaqmler;ff)olyg%gews&@ﬁ%rliyth%%mﬁésﬁq)ff rom al kyl ,

aryl, heteroaryl, alkenyl, amdo, si : I 'norganic and‘organl c ligands.
I n sonme enbibdpiveyrsa, oraltpmatevgtys ean keapgesiing composiieongpr edrdohtamingdhe of z

25equi val e . , j - af - Vs i ts of

| n(ER4) 3, '?[5 %ﬁ‘ﬁ‘%{?ﬁ" éc%é) o'? )bg%%?@ﬂéégﬁ%t %@gfﬁﬂ%ﬁgﬁ %ﬁlﬁgﬁlgﬁgﬂ%@h? e enpirical
for mul a Cuzfirom Gayihie(iEREyyréar nr)y (CER2n (QWhe) (FERSYBIRGERY)B( BREN@Is forz is from

0.5to },5,. x is.from0O 1 is fromO to 1. .t.is fr. 0.1l x plus y
i s ¢ 1% gniodeing b b fondlodsfai Bl ke tpatbad lerd BN abBytlr |2 P\ 8
above. 30I nlagomethemobaianie ptesursar @tles invsoion compomgtheakpade a conbi nati on of

z equival ents of CuqéERi}) X, equi.val ent s. of %Egg) equi val ents of
(B 3, 1 cquiVERBD o Pttt PRk PR Bl R (e erpi 11 cal
formul a CuzdvouGay & toERk)cehi to 2PEUERAJoVPcz) o ERB)iBX (0ERAN3y ER@t , z is from
0.7 to 1.25 xiffrom : .
Group 1T atom, or greater. In some embodiments, a dopant can be included at a level
25  of from about 1x10' cm ™ to about 1x10*' cm ™. A dopant can be included at a level
of from about 1 ppm to about 10,000 ppm.
In some embodiments, a dopant may be an alkali metal atom including Li, Na,
K, Rb, and a mixture of any of the foregoing.
Embodiments of this invention may further include a dopant being an alkaline
30  ecarth metal atom including Be, Mg, Ca, Sr, Ba, and a mixture of any of the foregoing.
In some embodiments, a dopant may be a transition metal atom from Group 3
through Group 12.

In some embodiments, a dopant may be a transition metal atom from Group 5

including V, Nb, Ta, and a mixture of any of the foregoing.
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Oto1l, yisfromOto1l, t is fromOto 1, x plusy plust is one, and
wherein R, R2, R3, R4 and R5 are the sane as defined above. In
further aspeotigw17ms8m xture of polyneric precursor conpoRQUAISAEY/044057
advant ageously be prepared with any desired stoichionetry with respect to
t he Snunber of different Goup 13 elenents and their respective ratios. As
shown in Reaction Schenme 12, a polyneric precursor conpound may be ,

prepared by Contlﬁ§6rhé‘8n%dﬁﬂéiﬁsY§h§[N%§1§m bMBlrAdsiRbh Pneta a@AUKHR GRS Of
MB2( ER2) 3, and z equival ents of (ER3), where MB1 and MB2 are different

atons of GriegpdingCr,Me.dVsandmnyxsra e any 8 thy faregoingom 0.5 to 1.5, and z is
from0.5 to 1. 51In\§\6}§é|§n15d:did1é1|tst, Qgﬁ%nﬁ/%aw@@%a%%g,n{eba%toh{fﬁlor@@%%% can each

be a mxture of Ga, In and Al, can be a mxture of Cu and Ag. A

pol yreri ¢ pinelading dit, PdoPtpendredmixtuye picang of the feragding.cal f ornul a

(S0521) I s FUBTEMIA ) (TR 7
) 3x( ER2) 3y (ik&8Jing ol Guriigi andprrecunsefany 5f Gcdgstdimki ng pol ymeric precursors

Enbodi ments of oLl Oyentlon engonpass. B Nads ANdGomPasiti gns for

crosslinking polyneric precursors an corrposﬂ?i ons. sone®aspects, a
cr ossl i nkedSipGt,\"iePb, angha editnis ©f anyayf thxeforegedgt 0 control the viscosity of a

precursor conposition, or.a polynerjc ecursor. i nk conposj tion. The

Er ossl i nki g of TaSoB omHiRerty aRaLRe b HER asb e S TRERLMNED: ser ghe.
The nol arul &g, SBEBiGhid Ohixurpof eI the feegang Sor can be varied over a w de
range by incorparating crossljinking into the preparation of%sygg precursor.

|
The viscosity of™3MOEPHES & BRFBST'E 8‘&9ﬁuréoéﬁ°‘8805€}éﬂninéa(¥ adyaiaggo range by
using a Crosgpdrdiks thoBFRE SRl th&al ions as dopants. For example, a polymeric

precursor composition may be prepared using an amount of Na(ER), where E is S or
Se and R is alkyl or aryl. In certain embodiments, a polymeric precursor composition
15  may be prepared using an amount of Naln(ER)4, NaGa(ER)4, Liln(ER)4, LiGa(ER )4,
KIn(ER)4, KGa(ER)4, or mixtures thereof, where E is S or Se and R is alkyl or aryl.
A polymeric precursor compound of this kind can be used to control the level of alkali
metal ions.
A dopant may be provided in a precursor as a counterion or introduced into a
20  thin film by any of the deposition methods described herein. A dopant may also be
introduced into a thin film by methods known in the art including ion implantation.
A dopant of this disclosure may be p-type or n-type.

Any of the foregoing dopants may be used in an ink of this invention.

25  Capping compounds

In some embodiments, a polymeric precursor composition may be formed as
shown in Reaction Schemes 1 through 6, where one or more capping compounds are
added to the reactions. A capping compound may control the extent of polymer chain
formation. A capping compound may also be used to control the viscosity of an ink

30  containing the polymeric precursor compound or composition, as well as its solubility
and ability to from a suspension. Examples of capping compounds include inorganic
or organometallic complexes which bind to repeating units A or B, or both, and
prevent further chain propagation. Examples of capping compounds include

R,MPER, and RM®(ER),.
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prepare an ink conposition. In sone enbodi nents, the crosslinking of
a polyneric precursor conposition nmay be used to control the viscosity of
t he conposOt2oom1738 of a pol ymeric precursor ink conmposiPCirars201opmsymeri c
precursor conponent of a conposition can be crosslinked by adding a
crosslinking agent to the conposition. The viscosity of an ink conposition
may be varied over a wide range by adding a crosslinking agent to the ink
conposition. In further aspects, the crosslinking of a polynmeric precursor
conposition nmay 5be used to control the variation of properties of thin
films nade MEuist he precursor. Exanples of a crosslinking agent include

E(Si (CH3) 3) 2, V"U%rtf%eﬁléréin afe RAH !1@&1@1 r@f@&‘{@anm&ﬁ Br fl@ﬁnc!a! RkicBOhYTRE Cchai ns

via an ME-M cros | es of @ crosslinking agent i nclude
HEREH, NA(EREWHe@mmnwﬁmﬂﬁﬁyN@nmmm@KQONMmUEI and R are as defined above. 10A

i a C
crosslinking aggg%%%aglp? Ma&ﬁ]R%Fr §§“ﬁ@gqgﬂg&mﬂﬂth HEREH to form Cu( ERE) H
es o in

or Cu( ERE) Cu. a Cross I ng agent 1 nclude dithiols and
di sel enols, for z@)«ancplhee@m I-ﬁEﬂeEH ligandendudes aevlis Rasrligamds. def i ned above. A

di sel enol can react Ww f different neri c precursor
Charne 0o 1 on” e hddn oo RRoRre ik B Slini KRR kBuRY S0ur >0

HER EH i s &hmwnmdmfﬁ&&sbfaﬁhﬁamémpmﬁgm]mwmgﬁmmﬂmmzznnmnmn&ﬁgamMo chai ns of

a polyneric precursor. are |inke eI| natlon of 2
HER . REACT| R SeRaipifie oxyEen. yi 0%%‘0?‘1@1: 93 s, %‘6@ can be used

duri ng 8yntdmesicsatorh oanp@bmmrm;ghprcemﬁ 0. tAn &gmm Lgm8 shn Manched
Enbodi nents of this inventi further provide a crosslinking agent

havi ng t he Y"3PREMCEREYSiH ‘Eﬁm MBSEER) 2, where M3, E, R and R are as

defined above. Agisessdréinkhd@rigRitanRflighk Sfdkd t0dn RygRR Mse”alei t her during
synthesis of a pol%nerlc precursor to formcrosslinks, or in formation of

an ink or oA WhiEhadung fogpother atom or mpleqiiibrough 8 dpiredtban atgmp o ymeric

precursor nay i fE%ﬁlBEﬁ 81 e'% ﬁ&&ﬁ&h&&&%@k& tvut@ptalc@ﬁ@é eﬂlrefaumro;@lscrossl i nkabl e
functional group t ached portion of the R dgroups of one or

nmore ki Hds ﬁﬁd%h@Hb@WVW%f@@k9@%%@W§dhmﬂﬁyéﬁbﬁésw@ﬁm@ﬂﬁ%xmmﬁkable functiona
groups incl t'éﬁll?roé/a'rlgb&g/}ateg,' c'a%loﬂé\tésy hl@lafaes, phosphates, sulfates, perchlorates, oxalates,

and amines.
As used herein, the term chalcogenylate refers to thiocarboxylate,
selenocarboxylate, and tellurocarboxylate, having the formula RCE,", where E is S,
20  Se, orTe.
As used herein, the term chalcocarbamate refers to thiocarbamate,
selenocarbamate, and tellurocarbamate, having the formula R'R®NCE,, where E is S,
Se, or Te, and R' and R” are the same or different and are hydrogen, alkyl, aryl, or an
organic ligand.
25 Examples of ligands include F~, CI', H,O, ROH, R,O, OH", RO", NR,", RCO;,
RCE,, COs”, NOs, PO4¥, SO4”, ClOy, C;04”, NHs, NRs, R;NH, and RNH,, where
R is alkyl, and E is chalcogen.
Examples of ligands include azides, heteroaryls, thiocyanates, arylamines,
arylalkylamines, nitrites, and sulfites.
30 Examples of ligands include Br', N3, pyridine, [SCN-], ArNH,, NO;", and
SO:”> where Ar is aryl.
Examples of ligands include cyanides or nitriles, isocyanides or isonitriles,
alkylcyanides, alkylnitriles, alkylisocyanides, alkylisonitriles, arylcyanides,

arylnitriles, arylisocyanides, and arylisonitriles.
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10epoxy, and cycl oaddition and Di el s-Al der reactive pairs. Crosslinking may
be performed by nethods known in the art including the use of heat, |ight
or a cat avp=011/a%238el | as by vul cani zation with el enment @CTaiskéwn440BDpant s
151 n sone enbodi ments, a polyneric precursor conposition may include a
dopant. A dopant may be introduced into a polyneric precursor in the
synthesis of the precursor, or alternatively, can be added to a conposition

or ink containi nGahPRs POEMIR ihQuil IBAHIGOkarbeleS ML GPAGMKRQR! Material or thin
filmof this disclosure made froma polyneric precursor nay contain atons

of one or nvRYarisaeEtriavEthiods. fr'llésrlthzd%tm ﬁ@Hﬁ}IB}iﬂﬁ]@te& thiggrheit: i nto a
phot ovol t ai §; RBBALRES ?ﬁ&%l Fes! ﬂﬁylﬂ%plﬁﬁc%pﬁ?fpﬂ&pm@s aREALMHosIRNEr W th a

pol ymeri c precursor s invention contalning the dopant. The
quant ity ofarsenidgpatktylarseniaes, @rﬂ%@nmtarydﬁkxlme@nm §nlb0@mra€<ytsalbnt@e, f rom about

1x10-2 %Oparglgﬁlsﬁ% aﬁ@arggﬁ(g;fstlﬁ)m%gom percent relative to the nost abundant

G oup 11 a sone enbodi nents, a dopant can be included at
a IeveI 250f frdhnmbbubfm%mmmﬁdumHSPiﬁRaﬁbhtCKMRIW2RSHHR31RA dopant can be
i ncl uded at |, Qf m bout m it o about. 1 In sone
embodi ment s. S%NI ﬁ%ﬁ 1}13% S% al enes (i r&ﬁ wltletre ?acR Oan 1n|0d n%e]ngeaﬂlﬁn]l?/l Na, K Rb,
and a nlxtUﬂgloﬁmmmynﬂf the fore90|ng Enbodi nent s of thls |nvention may

Lurt et el e g d0Rett DR B by NS0 SRR 9 O

enbodinﬁntsmmaﬂdm@aaymaﬁmmbﬁ a transition netal atom from G oup 3 through
G oup 12. od| nt.s, a.dop be a trans#tlon net al

atom from G oup Eg‘a’i’“ﬁ@? gﬁl‘g‘?@ SUCIngy nifrig 0"¥ﬁlﬁadSl ’rﬁu§<3f %(ﬁ"é‘yléf arglgemyes. ¢ he

f or egoi ng. arylalkylgk@nﬁpm @ﬁb@ds m@nyla ﬂﬂ@lﬁgﬂmtaﬂfg&s Rerdcfanawsi ti on metal
atom from G oup 6 incl ud| m xture of any of the

f or egoi ng. Sebndﬂw?ﬁngﬁﬁ@nﬁﬁﬁbHPHﬁﬁF@ndgbﬂéﬂ@ﬁ?ﬂﬁﬁywﬁﬁo%mﬁﬁgﬁ§at|on met a

atom from C%é%@cyﬂaﬁatesnfehlul%lam DeyleReholals, didRH B uXL Uk RuBin &0 ¥n@f t he
foregoing. 5In some enbodi nents, a dopant nmy be a transition metal atom

from G bup teBurpesehaiatasg zn, Cd, Hg, and a nmixture of any of the foregoing.
| n some enbodi MENLS le?ofjlggg linfR¥e c%@lcﬁ%:n@t%éjml&flgmt@’ Q%ﬂotﬂ%ldt&c' uding C Si,

Ge, Sn, Pb, and a nlxture of any of foregol ng
thioselenolates, selenoselenolates, alkyl thiothiolates, alkyl selenothiolates, alkyl

thioselenolates, alkyl selenoselenolates, aryl thiothiolates, aryl selenothiolates, aryl
thioselenolates, aryl selenoselenolates, arylalkyl thiothiolates, arylalkyl
20  selenothiolates, arylalkyl thioselenolates, and arylalkyl selenoselenolates.
Examples of ligands include selenoethers and telluroethers.
Examples of ligands include NO, O*, NH,Rx.., PHaR3., SiR3,, GeRs', SnRy,
SR, “SeR, TeR, 'SSR, "SeSR, "SSeR, "SeSeR, and RCN, where n is from 1 to 3, and
each R is independently alkyl or aryl.
25 As used herein, the term transition metals refers to atoms of Groups 3 though
12 of the Periodic Table of the elements recommended by the Commission on the
Nomenclature of Inorganic Chemistry and published in JUPAC Nomenclature of

Inorganic Chemistry, Recommendations 2005.

30 Photovoltaic absorber layer compositions

A polymeric precursor may be used to prepare a material for use in developing

semiconductor products.
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I n sone enbodi nents, a dopant may be an atom from G oup 15 including P, 10
As, Sb, Bi, and a m xture of any of the foregoing. In sone aspects, a

pol ymer i cwpnretwrss8 conposi ti on may advant ageously be preparsed 0et057
incorporate alkali netal ions as dopants. For exanple, a polyneric
precursor conposition may be prepared using an amount of Na(ER), where E is
Sor Se and Ris alkyl or aryl. In certain enbodinments, a polyneric

precur sor conposipkin@Rmbac Ggﬁyurp&s Qﬂ’tﬁi@%{\eﬂn&ﬁh d@anggge&wb@&seml n(ER) 4,
NaGa(ER) 4, Liln(ER)4, Li or m xtures thereof,

4, KIn(ER)4
where E is ISIX@HGSSe p@@mreﬂmaéerm)l Ryh cwroaﬁ pr prweﬁemylﬁeﬁtpehlsnee@rr%teﬂs conpound
of this qugw&gﬂmgﬁngﬁ d it omeemrol the level of alkali netal ions. A

dopant may rovided in a precursor as a counterion or introduced into a
20 thin film by Iawn‘b%p@cﬁmpdem@i for @&arneltsrthﬁi@@ég@diﬁlmblsuﬂfem@tlnn oA dopant

may al sa; be he art
|nclud|gb |SEH%%3 gﬁ?gnhgﬁ&m,m%%%gwfk% lgﬁ?gﬁﬁlsg%osure nay e p-type or
n-type. Anyxmﬁmmhemkdﬂegmwﬂgmdopants nay be used in an |nk of this

I nvention. CaTQl[ Iags%rb%(r)rqp rlanl m'cl;y becf:lther ann eor pgéfg emlco u tor pol ymsrl c
oSl

precur sor conp ion my as sho ion enmes 1 through
6, where onehmMmmmmﬁmmampmmgmmommmmnds are added to the reactlons A

cappi ng conpound na ntrol the extent of chai n for i on.

capbi ng. compound? hatle SRk, S8 T e P hriar SEBR e B i i
30cont aii n@ged tveprgatyNEAIGA P l§ElinSubE AP FUEEinAlic le@Thasthe e@piricels wel | as
its sol ubil an ility to frao uspensi.o anpl es. of pi ng
conmpounds |ﬁ€%ﬂd§gﬁﬁg ﬁﬁe&%WA@ﬁg%%SEet FﬁdSBBW§h8§p§“ﬁﬁp%ﬂ‘bfﬁd to
repeating URiflos 0AoQr, thB,smﬁrofpgtubnsa‘mﬁl PEEN e fréH DO €y 6 M. Proopagat i on.
Exanpl es of cap npounds i ncl ude R2MBER, and RMVB(ER) 2. ngands

As used her\élsrfront%gtotb? i Mgafamy P e dn pstagymbedisnantsy L mRERE & noi ety t hat

can donat e @h®chnon MeNe.0I Yo 1,r REAW.PY0 oF or IR Gl0NRL T, 8PfromM.d4ilgang can be
nonodent ate, bidentate or nul'tidentate. As used heréin, the ternlllgand

i ncl udeb Leff\ﬁ’f@ O9asgeliar damds07 to 1, or fromg.1(§g écPriomel Ao t, wefre@0R ©rlgani ¢ | i gand
refers to af QPRRKE!. Cﬁ%@hﬁﬁ'em%cﬁhﬁ@n&@c@%@r&ﬁ0669{551 Qlf fr&rﬂbm@o and

hydrogen, haying from1 car bon "at orts, and optional Iy containing
oxygen, nithogé&am 07tp drord‘ronet) Aefo awofiem WHite b, adrenbi.Alitet loonfloranot her at om

or mol ecul eoitb[jp%gﬂoﬁo qo{)‘rf%qgﬁk M, ﬂ{d&ﬂ&h%nlbb&ﬁl%{?tﬁ%ybo% fR,pnched or

unbr anched sti1tuted or unsubstitut
0.001 to 1 and x may be from 0.001 to 1, or t may be from 0.01 to 1 and x may be

20  from 0.01 to 1, or t may be from 0.02 to 1 and x may be from 0.02 to 1, or t may be
from 0.05 to 1 and x may be from 0.05 to 1, or t may be from 0.1 to 1 and x may be
from 0.1 to 1, or t may be from 0.15 to 1 and x may be from 0.15 to 1, or t may be
from 0.2 to 1 and x may be from 0.2 to 1, or t may be from 0.3 to 1 and x may be from
0.3 to 1, or t may be from 0.35 to 1 and x may be from 0.35 to 1.

25 In some embodiments, one or more polymeric precursor compounds may be
used to prepare a CAIGAS layer on a substrate, wherein the layer has the empirical
formula (CuixAgu(Iny.y.:GayAl)v(Si-.Se;)w, where x is from 0.001 to 0.999, y is
from 0.001 t0 0.999, t is from 0.001 to 0.999, the sum of y plus t is from 0.002 to
0.999, zis from 0 to 1, uis from 0.5 to 1.5, v is from 0.5 to 1.5, and w is from 1 to 3.

30 In some embodiments, one or more polymeric precursor compounds may be
used to prepare a CAIGAS layer on a substrate, wherein the layer has the empirical
formula (CuixAgu(Iny.y.:GayAl)v(Si-.Se;)w, where x is from 0.001 to 0.999, y is
from 0.001 t0 0.999, t is from 0.001 to 0.999, the sum of y plus t is from 0.002 to
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As used herein, the terminorganic ligand refers to an inorganic chem cal
group which can bind to another atom or nol ecul e through a non-carbon atom
Exanpl es wO 2biigamss i ncl ude hal ogens, water, alcohols, eChasgiooydsoxyl s,
15am des, carboxyl ates, chal cogenyl ates, thiocarboxyl ates,

sel enocar boxyl ates, tellurocarboxyl ates, carbonates, nitrates, phosphates,
sul fates, perchlorates, oxal ates, and am nes As used herein, the

term chal cogesyl, ator 8581 S it ﬁoﬁnm %armmre%@ 0 §eliepRcariRryb gk, and
tel | urocarboxylate, haying the fornuia RCE2, where E is S, 20Se, or Te.

As used her®#n, the term chal cocarbanate ref ers to thiocarbamate,

sel enocar banat e, agif, RAMAQRRERATE G pORHERGEORsSE O RIRREZRCE2- , wher e

Eis S, Se, or Te, and Rl and R2 are e” sane or erent and are
hydr ogen allSR@'tO,prmﬁyd%Cész‘é&H@tegalmaamglaglamﬁy ofExapt esfrem 1it¢ gands i ncl ude

F- 2 : o/N ]Rg; : 0, POA3-,
SO42- fo?j ﬁ%%/gé_?,ﬁ‘oﬂ%{:o 3&@01532% % © Wr210érfe t|Os37al ?/II/’ and E IS
chal cogen. or from 7 toE}ampbes oofromi 1@&@6%5 mwd,%wéroazlms"ﬂ Shre¢lér oar yl s,

t hi ocyanat es, | am nes Iak | ami n trites, and sulfifes.
30Exanpl es of Ii éan se“??\dé‘fme e Br T i PO ismemd?r“““of SaRpgn ndeup APRHE  Ne-, and
5032- wher eusAd toi Iﬁeml‘eyd CAIGAS mateEXlalﬂpings qodntity gmidmmsmflfmdel tz)yanl des or

21 kyl | Socy i aie oy Ry sy cribs S &Ry BRL i 1t

aryl i sonyanirdesy 7 amﬁ Bmnyld, 90 Rbinr10lt€37.5 mol%, orfoand 165376fmd>1?/<gands i ncI ude
hydri des, carbene car bon nonoxi de, |soc anates, isonitriles, thiolates,

al kyl t hi ol ates, qHF%{P?W'?%‘i“B?né% 8ie orymQre BEINMFILC PIEGHISPE SoTBRATERaY li?)e’nospm nes,

al kyl phosphisae, préfayd POTIaP& DN a@wslt@iekwh@&ﬁ SRNby L Sas BE SOMIHOES,
al kyl ar seni nes, | ar seni nes yi ar seni nes, stil bines,

al kyl stil b@@@gulasﬁaf%ﬂ%mqué\él Zsﬁﬁ‘d Vﬁ}eyﬂlhllslfﬂ?%q 10 lpt dom Heghwflices of 1 gands
include 1- 7suhlfofy%lust1%m0t§@z@ﬂ@m %, u B2Rm BSte 1'5%"&0111:@5)10 R3As, R3Sb,

al kenes, and aryls, where each R is independently alkyl, aryl, or
het er oaty| . 1.5, and wis fromphtgdplipeerigi qrabgdmpats; h@mlzfefrqm p@@i A bROYIPRI ne,

trimethylvi (5‘.6{1 t%' ll, @Pﬁoﬁ@%zl@b,%%foM%Q%M‘r&}ﬁ@b@@@L%r from0.05to 1, or
from 0.07 to 1, or from 0.1 to 1, or from 0.15 to 1, or from 0.2 to 1, or from 0.25 to 1,
or from 0.3 to 1, or from 0.4 to 1.
In some embodiments, one or more polymeric precursor compounds may be
20 used to prepare a CIGAS layer on a substrate, wherein the layer has the empirical
formula (Cu)y(Ini-y-«GayAl)v(Si2Se,)w, where y is from 0.001 to 0.999, t is from 0.001
10 0.999, the sum of y plus tis from 0.002 to 0.999, z is from 0 to 1, u is from 0.5 to
1.5, vis from 0.5 to 1.5, and w is from 1 to 3.
In some embodiments, one or more polymeric precursor compounds may be
25  used to prepare a CIGAS layer on a substrate, wherein the layer has the empirical
formula (Cu),(Ini.y-«GayAl)y(Si.Se,)w, where y is from 0.001 to 0.999, t is from 0.001
10 0.999, the sum of y plus t is from 0.002 to 0.999, z is from 0 to 1, u is from 0.7 to
1.2, vis from 0.9 to 1.1, and w is from 2 to 2.4.
In some embodiments, one or more polymeric precursor compounds may be
30 used to prepare a CIGAS material having a quantity of Al atoms of from 1 to
37.5 mol%, or from 2 to 37.5 mol%, or from 3 to 37.5 mol%, or from 5 to 37.5 mol%,
or from 7 to 37.5 mol%, or from 10 to 37.5 mol%, or from 12 to 37.5 mol%.
In some embodiments, one or more polymeric precursor compounds may be

used to prepare an AIGAS layer on a substrate, wherein the layer has the empirical
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Exanpl es of ligands include nitric oxide, silyls, alkylgernyls,

aryl gernyls, aryl al kyl gernyls, al kyl stannyls, aryl stannyl s,

aryl al kylwoannyd13238sel enocyanat es, sel enol ates, al kyl selpemalSat1e944057

di al kyl sel enol ates, sel enoethers, sel enocarbanates, tellurocyanates,
tellurolates, alkyltellurolates, dialkyltellurolates, telluroethers, and
15t el | urocar bamat es. Exanpl es of |igands include chal cogenates,

thi ot hi ol at @amueakannt, EGaOA@t(EﬁSet)Q'v@%% ﬁﬁ%‘oﬁi@ﬁ)l sRIRAPS R eARlsakes, al kyl
t hi ot hi ol at es, % el énot hi ol at'es kyl thiosel enol ates, alkyl

sel enosel en@]Ydﬂtl@st is ﬁ?lgllo t9 fhi 208 o8I Giods u ISJF%I? Oéé‘P Aot Hifsmed. &4 1. ézraw
thi osel enol ghegm 3y} HekARASAHENALAL Ay B Wloal K0 1l GLh 1 €51, aryl al kyl

20sel enot hi ol ates, arylal kyl thiosel enol ates, and ary kyl
sel enosel enlfemee02 @hnpfr@@ 048 tp ulgarfw@%lodder &@h@r‘ﬂéé@ heqr§r0m1b|07

telluroeth I lu ggiggb , NH R3,, PH R3,
Si R3 u, Q% g&ﬁgno1§§Eqﬂﬁ§ﬁﬁ?§u#%%?ﬂgéggﬂ% Sesk -é%%h, -SeSeR, and RCN,
where n is f r omIf séroe Snbaglimengsa ole R mage poidmpmnoiemmoy cahpwlhdmayalpwl . 25As
used herein secti Cpr%pa%eggbn}z&%% ]ta}z]er%ng%ﬁt?s I te ferem theCfa R'%Echet %rrép OPs 3 though

12 of the Perio e ‘erdent's Yecomen "ilfonm ssion on
t he Nomencl fatroule Agf(Td; p@Fag&I(S,- Z(Shgmvﬂtereyy armnﬂmmltsl(‘ié)ﬂ%tns friRAOONonencl| at ur e

of Inorgani S r LQns 5.. 30Phot ovol tai c sorber |ayer
conposi ti on'S O%Smnesuﬁ?ﬁﬂé% if b 0%3%858%@5 ggm 2 15 fome %S%‘)e a materi al
for usel0 n dewek apmys S, @@mdugfr@m 1ps @duct s. The pol ymeric
precursors of '[QI S |nventlon ma advant&geousl be used in mxtures to

prepare a mat er i 3FON§ TROWHRATH L PPEY T PRI CRR U508 CUPRAVEH BRERT i ¢ rati os

of the net alse@toFEpaidnt A€ AR iola substrate, wherdifl tHR QiR RERRCSpirigHl ocesses for
solar cells that avoid addjtional sulfurjzation or 5sel enjzation st eps my

advant ageou®Iyule $&.(Fubfret eSpredurrdiste x B ikisBLhe! aRP92dipBenlif8hs of this

invention. ,0.999 tﬂgam@@ts}%lta@ﬁs%ﬁﬁrmltonw9 B&s BbhaL 120isHrdYPetPr a p-type
senm conduct or, when such ngoun is known to exist. in some enbodinents,
P

one or horel %mwfrsm%ﬂm%a vris GompdeRds may be 10 used to prepare a

CAl GAS | ayer on i formul a
(Cui _xAgx) . (Ini Hj/l t Gay Al ]f(tﬁﬁn\?enésy\lagg(gzn%r& B\/\%Ilél%@é(re@r %@%p(%ﬁgéo&%)pﬁéy is fromO

to 1, t is dsedmbenay alAKMn%rr@t@mldlraVl}ag plauantity ¢fsAd gtoms Of fram1to z i s fr omO to

1, uisf rofm dpmtrfl"/g,%r }1'051 12 t% 3'7% r{‘l(ﬁ@ gﬁ%?% §‘7?m0§’/ndorr\ﬂoh§5 {0 " Ii]IOlB In

certai n enbodi nent’s rom 0. 1to , or from
0.02 to 1, arirdor6mI. molt’/o on_fromrIOftqo OTrd Bol’4, ¢rdroin 1200 37.5 mol%.

20 In some embodiments, one or more polymeric precursor compounds may be
used to prepare a AIGAS material having a quantity of Al atoms of from 1 to
37.5 mol%, or from 2 to 37.5 mol%, or from 3 to 37.5 mol%, or from 5 to 37.5 mol%,
or from 7 to 37.5 mol%, or from 10 to 37.5 mol%, or from 12 to 37.5 mol%.
Embodiments of this invention may further provide polymeric precursors that
25  can be used to prepare a CAIGAS, CIGAS or AIGAS material for a solar cell product.
In some aspects, one or more polymeric precursors may be used to prepare a
CAIGAS, CIGAS or AIGAS material as a chemically and physically uniform layer.
In some variations, one or more polymeric precursors may be used to prepare
a CAIGAS, CIGAS or AIGAS material wherein the stoichiometry of the metal atoms
30  of the material can be controlled.
In certain variations, one or more polymeric precursors may be used to prepare
a CAIGAS, CIGAS or AIGAS material using nanoparticles prepared with the

polymeric precursors.
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15 from0.05 to 1, or fromO0.07 to 1, or from0.1to 1, or fromO0.2 to 1,
or from0.3 to 1, or fromO0.4 to 1. In certain enbodinents, x may be from
0. 001 to wp20rvdirss 0.01 to 1, or fromO0.02 to 1, or fr@crTASAB00e4037 oOr
from0.05to 1, or fromO0.07 to 1, or from0.1to 1, or from0.2 to 1, or
fromO0.3 to 1. In certain enbodinents, t may be fromO0.001 to 1 and x may
be fromO0.001 to 1, or t may be from0.01 to 1 and x may be 20 fromO0.01 to

1, or t may be fiefabh Q@ootdﬁnéu@%a&nﬁmp&?méﬁ@m&r% h& Bous8d tof May be from
0.05 to 1 and x may be fromO0.0 1, or't may be from0.1 to 1 and x may

be from 0. 1prergreia CHEGAS, r@@%rfﬁl%son%@wﬂ@% a lay@idhag maw pe BECEsPAIAt0. 15 to 1,
or t may berefaﬁ@%%%eﬁlﬁerltu?ég% YehfBY 2 Rflad &egm 0. 2 to 1, or t may be from 0.3

to 1 and X fromO 1, may be fromO0.35 to 1 and x may be
from0.35 to 1 Ipsome %morén@@mrmmlgblyr@ﬂ@ Paecurrorsengydicynesk to rqprcur sor

wh inth
commounde TR RIL I, BTG A AL RO 0 AR oS, whereln the
where x is lhyetmn(avaﬁétybmubst@l% ingludisg flexobte Quid@dtes. 0 0. 999_ t is fromO0.001
f[O 0.999, the SLIE;Q% leXopanfa%sorbﬁsn%ajt{rglmfglg,geoéu%glngag L, zis fromQ to 1, u

is fromO0.5 to rom wis froml to 3. 30In sone
enbodi nent sCusgieGakiSnDy, enda@h&gitaGaAlSﬂeecursor conpounds nmay be used to

prepare a CAl ein . the |ayer. has the enpirical
formila (Cui_ éxﬁﬁif‘%? é)[ (@fer?é@ uscd WBNEIQUSIANGIDl 0 001 t o
0.999, Wi Spafrﬂhaﬁld)plﬁﬂlﬂcehaolar &:99,Exim1bl$s Sfrjometion Plhet Ry&s K9 Rnowihi tham of y
From 0. 9"t riint Tl Gy o5 P 2 TehS e bhesint. BB RENSE one. of mor o
pol yneric p@@guop%nﬁgom&wgswmyozb@ W@ﬁist&r@ApﬁZ%%r% (RS K@arqmt er i al
having a quantit roml to .5 mol% or from2 to 37.5

mol % Cor { rafeaPlasrad o POt SRpBoLas N SDPd et oo 37, 5
mol % or fr&rph&Bv&lgzz@jczéCMao@ng%eeizﬁé)@U@% to 37.5 ml % In some

enbodi nents, one or nore ymeri c precursor conmpounds may be used to
prepar el CAl GAdn m%%sp@ﬂts hlﬁlgleé@ Qf@aﬁbﬁiortgﬁr by crapaydedasn gfout 980 te to 37.5

ol % or f r%@l%%lé%nétefgob /Pr?rﬁ’ Ebc]cu'f Qm)f’to a@oéao%ll@f%hléﬂer Obr ffr(l;rﬁ’ %Oﬁltt 0 37.5

mol % 10 or from7 to 3 % or froml1 ) m)l’q or froml1l2 to
37.5 nmol % 0.01to aboutriOsr,mﬂrememﬁo@mma@ut@ﬁétmbom@lcmmmérom ecur sor

conpounds ufif1 %Sa%gutt RFO%@JY?()%%‘&?%@J lOalytgr &ﬁﬁ% i ?ﬁe{e ‘3 fréﬁ'ﬁere' n the

| ayer has the enpirical tornula where y is
from O to 1gbotit (. btofabowh0micwnicters, loe fremnrrb@ft Oyl tplam;lttZ 5|rslcrf0rr@tﬂffo to 1, z is
fromO 1, uis from0.5t0 1.5, vis from0.5to 15 1.5, and wis from
1to 3.71n certain enbodinents, t may be from0.001 to 1, or fromO0.01 to
1, or from Subdat¢so 1 or fromO 03 to 1, or from0.04 to 1, or fromO0.05 to
1, or fromO0.07 or from0.2 to

1, or fromO.25 SPTIWISPC P%‘Hf%s &b i ineniiin ﬁapﬁwdi PR 8 teRon e
enbodi ment Ssub@fage. Ofhe Rs@atp Ghrybeehide JIaBCHUibSaticeCaRaMRAS afpyhape

Substrate layers of polymeric precursors can be used to create a photovoltaic layer or
25  device.

Examples of substrates on which a polymeric precursor of this disclosure can
be deposited or printed include semiconductors, doped semiconductors, silicon,
gallium arsenide, insulators, glass, molybdenum glass, silicon dioxide, titanium
dioxide, zinc oxide, silicon nitride, and combinations thereof.

30 A substrate may be coated with molybdenum or a molybdenum-containing
compound.

In some embodiments, a substrate may be pre-treated with a molybdenum-
containing compound, or one or more compounds containing molybdenum and

selenium.
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20 used to prepare a ClGAS | ayer on a substrate, wherein the |layer has the
enpirical formula (Cu).(Ini _y tGyAt)v(Si zSez)," where y is from0.001 to
0.999, t we2hranwi8001 to 0.999, the sumof y plus t isPCrase@oOods1 o
0.999, zis fromOto 1, uis from0.5to 1.5 vis fromO0.5to 1.5 and w
is from1l to 3. In sonme enbodi nents, one or nore pol yneric precursor
conpounds nmay be 25used to prepare a ClIGAS | ayer on a substrate, wherein
the layer has tfze;aegpg Bfﬁ%trate@romh@eh(a%) n(elrl@'p.tééu.trs@aéf%lﬁ M@m@cﬁez) ,, Where
y is from0.001 to is fromO0.0 0y 9, the sumof y plus t is
from 0.002 kegleposgigdor hzrmﬁ@ lmlwiﬁr@et%lé» nletalLfOliSsmP}ybﬁqn@mwlvelnlmg vis fromo0.9
to 1.1, antiim! G0, bbkidy throbfhuf WRBCEHORE Toilh, (ARG MOV pOI ymeric
precur sor conpounds ma 0 used to prepare a Cl ' GAS material havi ng a
quantity ofmayganpgsermckek pﬂladmnwtabn@fx rBenigyh ohodiwmy silyen stainlgss3rees nol % or
from3 to 3 1l 9 0 0 r 7 nmol % or
from 10 5’?0 \}ieﬁé%nbﬁég’%l tgnf ma?l}l}%‘ Etuo‘gsf%%] %9 é?rg luIL ey }lg)pség%%@enbodl ment s,
one or m)reeilmcllq%natcthl@a{hn@s,wméoombloattwmuﬂxdseofray be used to prepare an Al GAS
| ayer on a substrate yer C nmul a

Aguani _y_t GayAl t alenges V\%ugae’;rates CAH whlc%apo g/n%erlc I%re((jurtso % th1§ glsclo%ulreocr%no to 1, the
sum of y pliesdepoditsd birprintdd ih@udk, potynms blrasmeO:ohdncilye polymerf, ropolPmbrst 0 1.5, v
is from0.5to 1.5, and is fro to n _certain enbodi nents, t may be
from 0. 001 Ry er oEnas Py B EPmatis Folshithiahst dsReSIS S & 05 {01
or froma®. OEﬂlnIsOln)'LIarsp[ISol%ﬁl(iyﬂﬂQoﬁ&st@l}fsanyﬁﬂerfel’fmml& Pdly&hgerdes, or from0.1 to 1,
or fromO0.2 0 mO0.3 to

enbodi ment spotl t 56&6?0 Hsrylies @OHFE@W?B?S Bé%%ﬂn‘ﬁd%‘“%@:yl‘ﬁ’éorlfﬁe%d to
prepare an a‘éb%ﬁtrﬂl@ylﬁidl@@ r&@@@l‘yﬁ@isesﬂlc\/&‘ﬂ@sr @[bd’}k { hed tay®hatidasthbdker enpi ri cal
formul a Aguani tGayAlt)v(Si _zSez) |sfrom0 001 to 0.999, t is
from0.001 to o@@@p cp ﬁ%@ugﬂmeépnyvhgﬂh@%ymeélcmfe@we Gais fisclosugon 2 i s from
0 to 1, U I bOM:PoBrlifdtRufrobfilgnd . 0.5 Lo 1.5, and wis from1 to 3.
I n sone enbodi nents, one or nore polynmeric precursor conpounds may be used
to pr epbire an AlEsagpleskubgirtcs o8 whighrasnolymagis @i or ¢fahis aiyepsupagnt he

enpi ri cal JHhG @g:;ﬁﬁﬁedynglgﬁéﬁloé Yl SloadedP where y is from0.001 to
0.999, t |sfrom8 1 r%e suoﬁoﬁgaerplust is from0.002 to
0.999, z is from Sbsitaof thisidsclosusara. bp of enylgape Examplss bf oisiet® ono 1. 1, and
wis from : BN ymeric

pr ecur sor (%fﬁég%%ﬁégmm%/prgceﬁ%éég{ﬂ?oﬁ%ir%g%gre esc}&P%&gd ﬂ{clug? ?%a%ﬁ%w ng a
quant ity ofsubgragtiossdiog a fubern cylinder 3iroBernotddhy a pin, 4 shefn plare, 8Flak, aol % or
from3 mol % ar fro nmol % or from7 to 37.5 nol % or
from 10 oagald%sava uaedfsy@lrﬁefggf%eﬁdS mol % 201 n sonme enbodi ments, one
or nore pol yrrerlmswsteactumsy)be Eperpdwithisn axﬂysihepnoﬁetér befoprtiepdapesigonAl GAS

mat eri al haV| 5 ml% or from2 to
S e ol o5l GRSt o p B Pesur e P ¥ e i og Cor 1 rom 7 1o
37.5 nol % or f rExanpRs bOadBdsidn promdersaficlide@rplak? lalyer, 3 hehl Hipéda

titanium-containing layer, a tungsten-containing layer, a tantalum-containing layer,

25  tungsten nitride, tantalum nitride, titanium nitride, titanium nitride silicide, tantalum
nitride silicide, a chromium-containing layer, a vanadium-containing layer, a nitride
layer, an oxide layer, a carbide layer, and combinations thereof.

Examples of adhesion promoters include organic adhesion promoters such as
organofunctional silane coupling agents, silanes, hexamethyldisilazanes, glycol ether

30  acetates, ethylene glycol bis-thioglycolates, acrylates, acrylics, mercaptans, thiols,
selenols, tellurols, carboxylic acids, organic phosphoric acids, triazoles, and mixtures
thereof.

Substrates may be layered with a barrier layer before the deposition of printing

of a layer of a polymeric precursor of this invention.
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Enbodi ments of this invention may further provide polyneric precursors that
25 can be used to prepare a CAIGAS, CIGAS or AIGAS material for a solar
cel | prodwot2011/017238 | n sone aspects, one or nore pol ynePCE/yse@oos6T s may
be used to prepare a CAIGAS, CIGAS or AIGAS material as a chemcally and
physically uniformlayer. In sone variations, one or nore polyneric
precursors may be used to prepare a CAIGAS, ClGAS or Al GAS material wherein
the stoi chi onet rkaRblel Bes bRti@ a2t AERISH OhsstiMRr, MBh&4111Ber, @alanifn-cONt r ol | ed.

In certain variations, one or nore polyneric precursors may be used to
prepare a GANGNDIE layQmASuBEs onraCABINRE: laydr.4) tarialmoRHESARYT IRESIePr epar ed wi t h
the pol ymarﬁlﬁld@ FatthbHitPid tltanlum nlltljihec%ﬁlﬂfnr}lltﬁﬁpgi:iélag @&n%alurﬁ D@ nore

pol ymeric precursors may %e used to prepare a CAIGAS, CI GAS or Al GAS

mat eri al asSllaCKIlﬁ‘aylé}COmbatatlﬁwh%eofpr ocessed at relatively |ow tenperatures to
achi eve @ sol ar t | ymeric
precursogras may éﬁl&été%e fag be Ofazfnt hﬁgﬂ% ﬁ%%&cﬂgl fby %t)%g&ﬁygfggﬁaﬁ%ﬁrpgum form
sem conductzthothQL(IQQS;lc@T@QS cmrmqﬁet@d\@cltr&yser on a variety of substrates,
including flexible substrates. Exanples of an absorber material include
CuAgl nGaAl SSe, CuAgl nGaAl SeTe, and CuAgl nGaAl STe. A CAlI GAS, Cl GAS or Al GAS
| ayer may blekaseposwiohly various junction 10 partners to produce a sol ar

cell. Exanpl es junctio artnr l.ayers are. known i.n th rt and include
Gis, " zns.onse, Tatieteiiahe B2 Gp S S BUS kP Rov b AL o "Cel T

Operati Ny Reontadi @le@s molegiyitdriogyecandr @y@l‘o&ﬁﬂsAﬁﬂé pegnbiNEedutd)f; Ri chard H.
Bube, Phot ox{lol tai¢c Materi al ton| 0 qullﬁajue and St 1%en Hegedus,

(1998);
Handbook of MBHBBUMN ‘P?a?fl?:“@ﬁﬁf@rp& °X ﬁlto GICHRUFIARPY(ZBHES 20 PSPRSome aspect s,
t he thi cknegsst@ke. an absorber |ayer may be from about 0.001 to about 100

m cronmeters, or from about 0.001 to about 20 mcroneters, or from about
0.01 to about 16k pPhihsdisclosursadyangeoply #lows prsciteroaBRf s ni cromet ers, or
from about QuidnibRet®B Pdtbos gf d¥H&h AMRsEH e i b hRBTRBAUEanGe LotBosRPORY 3. 5

m cronmeters, or fromabout 0.1 to about 3 microneters, or fromabout 0.1 to
about 215 nntfweetRAEICTEPISUBSEr at es  The pol ymeric precursors of this

i nvention can beuHseehil GG dn bBKRlic Alard URRKIAN intheyrubS rate can be
made of any substance, and can have any shape. Substrate |ayers of

pol ymeri c precurlssgme @abpdb@emﬁséldw(@amb@a@@tyIplhmg@\p@lmmrle pregyreer or

25devi ce.

with one or more carriers. The ink may be a suspension of the polymeric precursors
in an organic carrier. In some variations, the ink is a solution of the polymeric
20  precursors in an organic carrier. The carrier can be an organic liquid or solution.

An ink can be made by providing one or more polymeric precursor
compounds and solubilizing, dissolving, solvating, or dispersing the compounds with
one or more carriers. The compounds dispersed in a carrier may be nanocrystalline,
nanoparticles, microparticles, amorphous, or dissolved molecules.

25 The concentration of the polymeric precursors in an ink of this disclosure can
be from about 0.001% to about 99% (w/w), or from about 0.001% to about 90%, or
from about 0.1% to about 90%.

A polymeric precursor may exist in a liquid or flowable phase under the
temperature and conditions used for deposition, coating or printing.

30 In some variations of this invention, polymeric precursors that are partially
soluble, or are insoluble in a particular carrier can be dispersed in the carrier by high
shear mixing,

As used herein, the term dispersing encompasses the terms solubilizing,

dissolving, and solvating.
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Exanpl es of substrates on which a polyneric precursor of this disclosure
can be deposited or printed include sem conductors, doped sem conductors,
silicon, wal2biumrmssseni de, insul ators, glass, nolybdenurCglitsssl/08i057 con
di oxi de, titanium di oxide, zinc oxide, silicon nitride, and conbinations
t hereof . 30A substrate may be coated with nol ybdenum or a

nol ybdenum cont ai ni ng conpound. In sone enbodinents, a substrate may be

pre-treated wthyg cmklyﬁa@ﬁmﬂmofﬁl%r&@ndauﬂagna%mmgqmc qula@es&\venﬂvr e
conmpounds cont ai ni ng nol ybdenum and sel eni um | es of substrates

on whi ch a Pemplesof & crieicigr gopk ef thisylisslogirs glchsla pac @ranoraerg@@sosu ted or
pri nted T ncloudeBhial oy B8 of Rlubsus LTRpYRAEIUM Al umi num beryll i um

cadm um cerium chromum cobalt, copper, gallium gold, |ead, manganese,
ni ckel , pal | adi dimbodinzamisfithis inhention fyrthehygiiderpolymprieprecustoai nl ess st eel |

5st eel 1 QB EQML O by SAEAR i The bRGRLERr ZiMGepaih fRAT UM - et al

al | oys, netal car |nat| r'eof
Exanpl es of Tisubbibilidy e pﬂlofmdnlcmhﬁcarSpmayrmulhcbcap tbe smcs@rbyofarlatﬁunsof thescl osure

can be deposh}red chol@culaGtSFzg arll 1 ﬁite f% mor ﬁ%mc% nds ’att UC%]%I ve
pol ymers, copolymers, %?é SF RIAPRISE erep

poIycarbonakmgmumblyesters polyester 10f|InB nyl ars, ponV|nyI quorides
pol yvi nyl i dene quo i de ol yett Ien ol therl ol rsul f ones,
D e e BB YR G051 cBP YIS SR pn L g, Ul one
styreneupolmﬂ@ﬁsnaﬂb@mﬁnﬁa&1nepamys and conbi nati ons thereof

Exanpl es of substrates on |ch a neric cur of this disclosure
can be depositeén%9nﬂ%?%@@ﬂjﬁmﬁﬁﬁﬂ§“¥ %?Pﬁ&mﬁﬁg %P@SIT%E%% PEs of
substrat es QRvaNs GlrtRIPOkMHRE héredr ecur sor of this disclosure can be
deposited or prlnted i ncl ude papers and coated papers. A substrate of this

di scl osure can ﬁgaﬁpeéﬁvi§ﬁ%§é“aE%&Hﬁﬁ%§d6?b§h%§¥Wﬁﬁ@@ﬂ@h“%HPEW»a pol yneric

precur sor oéthatnbl %oﬁ‘ﬂoﬁﬁ' RIS ICthEA) b@@ncﬂ%%b&sﬁ glyBGh NS RyAbARR subst rate
|nclud|g9 a tube, linder, aroller, arod, a pin, a shaft, pl ane, a

plate, B 208yee]- na@thpéne? prapaagk (stnsAtARIS 2bicol PopHERsIELoL propylene
glycol laurate, ethylene glycol ethers, diethylene glycol, triethylene glycol

monobutylether, propylene glycol monomethylether, 1,2-hexanediol, ethers, dicthyl
cther, aliphatic hydrocarbons, aromatic hydrocarbons, pentane, hexane, heptane,
octane, isooctane, decane, cyclohexane, p-xylene, m-xylene, o-xylene, benzene,

20  toluene, xylene, tetrahydofuran, 2-methyltetrahydofuran, siloxanes, cyclosiloxanes,
silicone fluids, halogenated hydrocarbons, dibromomethane, dichloromethane,
dichloroethane, trichloroethane chloroform, methylene chloride, acetonitrile, esters,
acctates, ethyl acetate, butyl acetate, acrylates, isobornyl acrylate, 1,6-hexanediol
diacrylate, polyethylene glycol diacrylate, ketones, acetone, methyl ethyl ketone,

25  cyclohexanone, butyl carbitol, cyclopentanone, lactams, N-methyl pyrrolidone, N-(2-
hydroxyethyl)-pyrrolidone, cyclic acetals, cyclic ketals, aldehydes, amides,
dimethylformamide, methyl lactate, oils, natural oils, terpenes, and mixtures thercof.

An ink of this disclosure may further include components such as a surfactant,
a dispersant, an emulsifier, an anti-foaming agent, a dryer, a filler, a resin binder, a

30  thickener, a viscosity modifier, an anti-oxidant, a flow agent, a plasticizer, a
conductivity agent, a crystallization promoter, an extender, a film conditioner, an
adhesion promoter, and a dye. Each of these components may be used in an ink of
this disclosure at a level of from about 0.001% to about 10% or more of the ink

composition.
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A substrate may be | ayered with an adhesi on pronoter before the deposition,
coating or printing of a layer of a polyneric precursor of this invention.
Exanpl es wb 2adim82138n pronoters include a gl ass | ayer, aPoEiskoloAy®s] a
titaniumcontai ning |layer, a tungsten-containing |ayer, a

tantal umcontai ning layer, 25 tungsten nitride, tantalumnitride, titanium
nitride, titaniumnitride silicide, tantalumnitride silicide, a

chrom um cont ai rHA@pledYBlurfa@at@NBRILTTRRE %Jo[}la[kgleh@&%feysﬂ%(a@bs”' de layer, an
oxi de layer, a carbide |layer, and conbinations fthereof Exanpl es of

adhesi on’ prisetiglancoridy Wll@?@ﬂﬁlﬂ%awwe@w mlrﬂmﬁ@v@ﬂ@%% as
or ganof unctémglateﬁldoﬁﬂﬁh&%mdnsa@haaﬁ%él etﬁy}l!&&'aﬁysethaﬂﬁx %E&Yﬂo‘ﬂ' si | azanes,

gl ycol ether acet at’es 01{ bis-t tes, acrylates,
acrylics, hn@t@@ﬂaﬂwn@hph@ﬂtn mlﬁnerggffeﬁ ringiedl bmrs)laﬂwlﬁan%wyl ic aci gs,b o
organic c : ubstrat es
may be Igyeaﬁgﬂa{ebﬁﬂ@s &%}grtrruitnétlbﬁlzaayng(rﬁmbn%@?gaex%ﬁ&g%mte ?faﬁlglnos%f printing of a

| ayer of a ephﬂxytmdmcetphe&gly@dﬂ bethingsh Nso-dlovleey N, Dndimethylbetaingxkatiptles of a

barrier | ayel 3ss ti.tani m.gont ai ni ng
e a ¢ iearrdER s, SoApsph Bk elRhl AR MSOLIREET Do o

nitride, taa1ky1éth|m motbeMyldnleh&lylaﬂyﬂlelhbffsrpdli}&)p(yéthﬁla’(ﬂpmydﬁy[brbpﬂelesI l'icide,
t ant al um ni trlkde il |C|ag1§)1 and orrbl ations thereqLS 5A substrate can be of
any thi ckneldge Ca?R MR YP8hRT tBo‘l}‘tae%"Yn‘i‘%lP%IH’é%? 1 W8T 20, 000

m cr omet@r sthaeofore in thickness. I nk conpositions Enbodinents of this
i nvention furth rovhig%ﬁtlﬁnk c.orr]ggsit.i ons which 10 contajn one or nore
pol yneric precu pled gants HEEIGYIYHE CFOYS BEPILBICs2 PRI i nvent i on

may be usedsutrf@ctaw%ﬁﬂ@lé@\é@é&ﬁbﬁmﬁ&kﬁfdb SURFlYWaI, iDWNOY ZONYDK onto a
substrate. ink of this disclosure advant ageously all ows precise

control of E%O%Qr%‘}ﬂ%ﬁg‘fm%“fﬁ%{%%s of certain atoms in the ink because

the ink can be qaogmgﬁﬁk @u%&mn&h%&fqﬁls BRUYAR! dt@ IRLESUFHRAout | ks of
this disclosure can met hods known in the art. I n sonme

enbodi mEht s0-0Qe Orﬁbo‘étézrﬁ) @’@hwﬁéomosﬁﬁ% ng a polyneric precursor with one or
rore carriers. Higu R of Py RBaf iRUARSNIM QL0 AIRELC Precur sors in

an organlc carrier. In some vari ations he 1 n Is a sol UtIOI’] of the
pol ynmeric 2@fﬁr®bdm§wd@ph@blcabi0@<r@aﬂlwme@aml@rb.lodmepqimfrrs aeryteganblpek an or gani c

liquid or Sé%'leMn%& graft polymers, and mixtures thereof.

Examples of an emulsifier include a fatty acid derivative, an ethylene

20  stearamide, an oxidized polyethylene wax, mineral oils, a polyoxyethylene alkyl
phenol ether, a polyoxyethylene glycol ether block copolymer, a polyoxyethylene
sorbitan fatty acid ester, a sorbitan, an alkyl siloxane polyether polymer,
polyoxyethylene monostearates, polyoxyethylene monolaurates, polyoxyethylene
monooleates, and mixtures thereof.

25 Examples of an anti-foaming agent include polysiloxanes,
dimethylpolysiloxanes, dimethyl siloxanes, silicones, polyethers, octyl alcohol,
organic esters, ethyleneoxide propyleneoxide copolymers, and mixtures thereof.

Examples of a dryer include aromatic sulfonic acids, aromatic carboxylic
acids, phthalic acid, hydroxyisophthalic acid, N-phthaloylglycine, 2-Pyrrolidone 5-

30  carboxylic acid, and mixtures thereof.

Examples of a filler include metallic fillers, silver powder, silver flake, metal
coated glass spheres, graphite powder, carbon black, conductive metal oxides,

ethylene vinyl acetate polymers, and mixtures thereof.
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An ink can be made by providing one or nore polyneric precursor conpounds
and sol ubilizing, dissolving, solvating, or dispersing the conpounds wth
one or nowWe 20urmis8s. The conpounds di spersed in a carr PET/Usayl0loes057
nanocrystal |l i ne, nanoparticles, mcroparticles, anorphous, or dissolved
nmol ecul es. 25The concentration of the polyneric precursors in an ink of
this disclosure can be from about 0.001%to about 99% (w w), or from about

0.001% to about ﬁ@@le%fﬂegmbﬁlfa@mclgdela&m r@shfauatlkﬁprégms vinyl reéng0l ymeric
precursor may exist in a liquid or flowable phase under t%e tenperature and

condi ti ons Redwdny oyrrelislens iph¢neHe resigatkictoge sxinpraldehydegesimopolysarte vari ati ons
of thi s | NV Bn RAINITELAE oRBGUISOSyIbRc LS, BaRfib@hLwsol ubl e, or are

insoluble ina particu carrier can di spersé he carrier by high
shear mi xi nlgtrocellulose AN s@bel‘ﬁefwéy geidst ¢I?@XY eqsms,chﬂs';l)@p sémitic empobimsesses t he

terns s Ubﬂliﬁ @C eréjééla%yclOB d%&grb%fl)é Fe!léﬂ'lgSI%S urca I'eSfl’l-ghl%,tlﬁ‘ r rier for an

i nk of t an organrc i qui vent. Exanples of a
carrier fornmhﬂsmkmudgMM1sh@mb@knmum&mm&qmudmnmaqmbmumﬂmmﬂorganlc sol vent s,
whi ch may cont ai |nvent|on

furt her OQ/OI}(’:FS ers ]i)Oq OE}OfUI’IS RO yurgﬁg‘%es 1%)0}6naF 0? oﬁreﬂlerm dﬁflas%l S sﬂlca

ri ¢ 'precursor havi n Rance Solublllty
in one or n@h@n&gp@yﬂy@n@pmﬂpm@@&mMngxﬁnks The solublllty of a polyneric

precur sor conpoynd can . sel ect variagtian.o nat ur.e _and nol ecul ar
DS i ot one TBemB RSP ichSiB A Stk oy herpe oG B 8o o,

An i nk HDWp@ﬂhle@mrahaﬁeh,i@l}iufBﬂﬁﬁiés @tpreﬁamaléwﬁnaydndawpdbﬁmérije dopant s

di scl osed 10her ei n, a do ant osi tions of
this di scl oS, IB‘?sly‘i?ﬁlfPé Hé %&%ﬁiﬂ%ﬁel uﬁsetgﬂ}é’ dm/edlﬂ%elbe& »as met hods

di scl osed hﬁétﬁ*lﬁellu‘f@é@d‘fﬁieﬁl Bfdréky6@y T deBiilofedméiy1hpéroRfprépyi SclMics&l osur e
i ncl ude al coho nethanol et hanol , |sopropyl al cohol’, thiols, butanol,

but anedi ol , Sty s Hats alugyinasytifpnags osuans. Alzxs) yaesolvsagehariiseytaschey. opanol |

acet one, etﬁmhﬁQﬁKQM%ﬁgk propyl ene glycol, propylene glycol |aurate,
et hyl ene gl ycol ethers, diet;égene gl ycol, triethylene glycol

monobut i et her, Bxemplps efratighydeats inebils pbenslisse phesphites, phospheaittedi ol , et her s,
i et | ot hefocyal AL L0 UAERRAIRONS ccRROTRILE, INSFORAKDABS ! pent ane,

hexane, heptane, octane, Isooctane, decane, cycl'ohexane, p-xylene,
m xyl ene, o0-xyl éix@mpb@g&i@qveagents include waxes, celluloses butyrates, surfactants

polyacrylates, and silicones.
Examples of a plasticizer include alkyl benzyl phthalates, butyl benzyl

20  phthalates, dioctyl phthalates, diethyl phthalates, dimethyl phthalates, di-2-ethylhexy-
adipates, diisobutyl phthalates, diisobutyl adipates, dicyclohexyl phthalates, glycerol
tribenzoates, sucrose benzoates, polypropylene glycol dibenzoates, neopentyl glycol
dibenzoates, dimethyl isophthalates, dibutyl phthalates, dibutyl sebacates, tri-n-
hexyltrimellitates, and mixtures thereof.

25 Examples of a conductivity agent include lithium salts, lithium
trifluoromethanesulfonates, lithium nitrates, dimethylamine hydrochlorides,
diethylamine hydrochlorides, hydroxylamine hydrochlorides, and mixtures thereof.

Examples of a crystallization promoter include copper chalcogenides, alkali
metal chalcogenides, alkali metal salts, alkaline earth metal salts, sodium

30  chalcogenates, cadmium salts, cadmium sulfates, cadmium sulfides, cadmium
selenides, cadmium tellurides, indium sulfides, indium selenides, indium tellurides,
gallium sulfides, gallium selenides, gallium tellurides, molybdenum, molybdenum
sulfides, molybdenum selenides, molybdenum tellurides, molybdenum-containing

compounds, and mixtures thereof.
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20t ol uene, xyl ene, tetrahydofuran, 2-nethyltetrahydofuran, siloxanes,

cycl osi | oxanes, silicone fluids, hal ogenated hydrocarbons, dibrononethane,
di chl or orwOlanen17z38chl or oet hane, trichl or oet hane chl or ofPormS20meipsENE
chloride, acetonitrile, esters, acetates, ethyl acetate, butyl acetate,
acryl ates, isobornyl acrylate, 1,6-hexanedi ol diacrylate, polyethylene

gl ycol diacrylate, ketones, acetone, nethyl ethyl ketone, 25cycl ohexanone,

butyl carbitol, &Mﬁk%%slﬁa%ﬁeoﬂlﬁ&fewﬁ od@n@eélsuédfwﬁf@lgk&@%@a N- (2-
hydr oxyet hyl ) - pyrrolldone cyclic aceta? cyclic ketals, aldehydes,

am des, di nesRRYding pele ailvepetal ilyos selepide, Slbier silfideacappa mespl wdivmer penes,
and m xtur eﬁet‘élhgilﬁﬁ}fl metal, zmc’%ﬁbtélnahkeﬁ’l mdth Sall@h%ﬁé'tﬁ%éi{s al ]?feéﬂht Iﬂ@tﬁl i ncl ude

conponents such as a surfactant, a dispersant, an ehulsifier
ant i - f oam n@ltagedivm chalelrgpeates, ealdiih calcoganates seadmbimeidfide, gadggtmi ckener a

Vi scosi ty ”é%%hfd'eeéadm?dﬁl %ﬂﬁﬁdeofﬁhﬁl%iﬁ Rl s%%ﬁi’&%un&lmﬂ'té}% i€! Zer

conducti'vity agent stall1zation pronoter, an exten |Im
condltlonergﬂmmnaﬂh@sgdhmps@ﬂm¢®gﬁhmndﬂhndyemcEdﬁhe@ﬁwwﬁaséaamnponents may
be used in a om abouyt 0.001%to

tell urld% cogPer SHff %e cgp%er seslenu?et coppcr teﬁurlde mg%{xien}l msulle, s octant s

about 10% or
i ncl ude si Im&xl&hmumpalbmaé kl}dlﬁmlemxn @ﬁuﬁdd mcanﬁsuespﬁlambﬂqyé &m@«)Mgde

pol ydi et hyl si | oxangs %by ster dlneth | ox thox ted

Ponyl phenol s nay BB ERMS RSP UtaaRyEin BhoPear F e BB T oet er s

f 1 uor oal0 ph@tan@xidel ympl@s Faicedl and cﬁ;dlwarttwdseﬁbhﬁ&tsﬂrcs,,almlky, ltiphenoxy

5al kyl eneoxi des, . cet trimethyl amonium ¢chl oride, carboxynet hyl anyl ose,

ethoxylatedxﬁegtVWbﬁ edﬁ?ﬁ@P@anﬂéPﬂPﬁégwr ‘n- dodecyl - N, N- di et hy! bet ai ne,

di al kyl sul f osuggicaralievasalibs, arﬁlﬂkwapamztlﬂameﬂwg‘eqlﬁbategn$a%eh§a fatty acid
salts, polyox%gthylene al kyl et hers, pol yoxyet hyl ene al kyl al | yl et hers,

pol yoxyet hydhsRErgoIisgapl & BSAIEHALIN B RCSERBIPHEF-s, al kyl ami ne sal ts,

quat ernary ammonj bRaftdssots, almlkr@fﬁﬁwlﬁosmtlﬁw&%mﬁ&%mh(%n&lf surfactants
i nclude anionic, cationic, anphoteric, and nonionic surfactants Exanpl es

of surf Kot anWsRenFiaR asiErySURPZNOR]id ByiNOpastz vk nRy [xoRAD one AR L WET
surfact ant Spolymeric precursors’%‘?ﬁwhfz@cpﬁl%Qﬁrri@'fi%r Hﬁg/Héngl tibnHE tﬁe%l)ﬁl{er& hi's
0

di scl osure at” a | evel rom about 150.001% t o about 2% of the ink
conposi t i onprecursors. In certain variations, a polymeric precursor may include partlcles or

nanoparticles that can be suspended in a carrier, and may be a suspension or paint of
the polymeric precursors. In certain embodiments, a polymeric precursor can be

20  mixed with a minimal amount of a carrier, and may be a slurry or semisolid gel or
paste of the polymeric precursor.

The viscosity of an ink of this disclosure can be from about 0.5 centipoises
(cP) to about 50 cP, or from about 0.6 to about 30 cP, or from about 1 to about 15 ¢cP,
or from about 2 to about 12 cP.

25 The viscosity of an ink of this disclosure can be from about 20 cP to about 2 x
10° cP, or greater. The viscosity of an ink of this disclosure can be from about 20 cP
to about 1 x 10° cP, or from about 200 cP to about 200,000 cP, or from about 200 cP
to about 100,000 cP, or from about 200 cP to about 40,000 cP, or from about 200 cP
to about 20,000 cP.

30 The viscosity of an ink of this disclosure can be about 1 cP, or about 2 cP, or
about 5 ¢cP, or about 20 cP, or about 100 cP, or about 500 ¢P, or about 1,000 cP, or
about 5,000 ¢P, or about 10,000 cP, or about 20,000 cP, or about 30,000 cP, or about
40,000 cP.
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Exanpl es of a dispersant include a polyner dispersant, a surfactant,

hydr ophi | i c- hydr ophobi ¢ bl ock copol yners, acrylic bl ock copol yners,

acryl at e Wbaok/aesel yners, graft pol ynmers, and m xt ur es PCiarse@i/oE0anpl es of
an enmulsifier include a fatty acid derivative, an ethylene 20stearam de, an
oxi di zed pol yethyl ene wax, mneral oils, a polyoxyethylene al kyl phenol
ether, a pol yoxyethylene glycol ether block copolymer, a pol yoxyethylene

sorbitan fatty AR kSnEShSYdim@tsS 8% Rk @) coRRindnK ¥} mSiclc8mphRnRAethber pol ymer,
pol yoxyet hyl ene nonost ear at es, pol yoxyet hyl ene nonol aur at es,

pol yoxyet hygr@weofr@rﬁﬁéwwtaecbspe@wa ¥ smliniee, srrefidesming gl desT.of  an
anti -f oam "BAAERLin bfﬁﬁérugﬁn&%eﬁf%!\h%ﬁﬂﬁ[ﬁo iflde Rt AL RQIYS L HO¥%A0&R, 2 di Met hyl

Si | oxanes, Si | I cones, po yet ers, OCt COhO organi € esters,
et hyl eneoxi Rlestigizeipy bendeesiiity @gmpldirxﬁﬁﬁéh@tlommdmmexm eetsndeh aridof

Exampl e r, i ' I |G aclk: L& carboxylic
aci ds, SSht ha?‘fh{g%%egl %1, aﬂﬁ%&%@i%@%%ﬁ%ﬁéﬁgﬁﬁm h%ﬁc{nﬁ’gaﬁg%%ci ne,
2-Pyrr oI i doratabr or@@c arobnooyipoendadiod) thapauprioktadmasn stﬂédeeoédmium Exanpl es of

a filler i nci %ﬁ ca rtn%lm {eﬁurhdel Iz1gcr ssu’l eI |21\r{ce gel n?dAd %PC teﬁlllI'lCYG Cop er suﬁide met al
coat ed glass sp eres, grap er, Condbet Ve et a

oxi des, ethxbgnedvmﬂyhnaagmandhpmhyﬁamsmaamﬂmnmumhnmgcmhmnpmﬁCMEManples of
a resin bin ne ude acr resin al kyd resins, vinyl resins,

pol yvinyl p H%TWZd%ﬂ@'wﬁwgﬁgzﬁé“?%gya% ket one resins, al dehyde resins,
pol yvi ny but yr aln ink siaf be afxti€ley digSirdisy ondr MOrd @¥nSic paupboni trile resins,
cellul ose resins, nitrocellul gse resins, r.ubbe fatty acid epoxy
resins, et HPIOREIGOf I @Scé%b‘&ﬁ’llgrﬁ%er%rm‘%? F%?rébooﬁromfiéqpe N Sog‘ltVBol s,

hydr ocar bons, m%lﬁélyméﬁcspr&ﬁnsokl[rﬂ%%oﬁa@&htﬁbﬁncaﬂ@é ylrepdredbsb&x@g@mngta{ew al guns,
phenolic resins, cresols, polyam des, é$uta I enes, pol yesters,

pol yol ef i NSMOISHPYYITICHE REAUEOrS E%Wﬁaft 8/8f &0 Vetnh@r%@lwaglt digaersesi | i cat es,

silicones, ﬂa@bmﬁlyﬁ@@%rso@@drﬂalpmy%ﬁ@pkhﬁm@ﬁmﬁﬁ@mc%ﬁceefraﬁdﬁlo@kener s and
VISCOSIt% nodi fiers include conducting polyners, 10cel |l ul oses, urethanes,
a

pol yur ethanféen akquy P AL fiapbeitd %Bm /8D Qyéroeba&@uwlsé toBpy; Q8 Yoy il s
pol ycar boxylyog @fok,gée%bﬁﬁfgdﬁ%y %&%b&?ﬂ ﬂo)g@bsﬁ,%m vl Pﬁb{ﬁtat) tL@eM §l oses,

nmet hyl cel | ul oses, roxyet hyl cell ul oses, ydr oxypr opyl
cel | ul oses, ﬂ@ﬂWﬂB@@fﬁg@ﬁb@ﬁ@§96wwﬁﬁmﬁ§%egrﬁ@n@bm@ﬂé%ﬂogbwﬁ20%iQWS waxes,

poIysaccharﬁgﬁﬁmn§bqﬁqggﬁm¥gg%igL gﬁg&l&Qﬁ%QQOHISExanples of antl-OX|dants

i ncl ude phenolics, phosphi onites I oesters, stearic acids,
ascorbic acids, catechins, cholines, and m xtures thereof Exanples of f1 ow

agent s ﬁqu| lyrggeswg)for lmgg% I0"1||I§?esrecS rectiio O%tsgt')ss’tr 24r factants, polyacrylates,
and sili nes——%%ang*es—d%4ﬁ—p+é%%rtrzer—rnt#ud al kyl benzyl pht hal at es,
but yl benzyl The polymeric precursors of this invention can be used to make photovoltaic
materials by depositing a layer onto a substrate, where the layer contains one or more
polymeric precursors. The deposited layer may be a film or a thin film. Substrates
are described above.
25 As used herein, the terms “deposit,” “depositing,” and “deposition” refer to
any method for placing a compound or composition onto a surface or substrate,
including spraying, coating, and printing.
As used herein, the term “thin film” refers to a layer of atoms or molecules, or
a composition layer on a substrate having a thickness of less than about 300
30  micrometers.
A deposited layer of this disclosure advantageously allows precise control of
the stoichiometric ratios of certain atoms in the layer because the layer can be

composed of a mixture of polymeric precursors.
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20pht hal at es, di octyl phthal ates, diethyl phthal ates, dinmethyl phthal ates,
di - 2-et hyl hexy- adi pates, diisobutyl phthal ates, diisobutyl adipates,

di cycl ohewgl2ophtihasBat es, gl ycerol tribenzoates, sucrosePOEASC@ENM$4057

pol ypropyl ene gl ycol dibenzoates, neopentyl glycol dibenzoates, dinethyl

i sopht hal ates, dibutyl phthal ates, dibutyl sebacates,
tri-nhexyltrimellitates, and mxtures thereof 25Exanples of a conductivity

agent include | Iﬁh@lpa%%ﬁ& fn%eurkdr;Blftﬁmﬁ\rehﬁdnu%&&{pbaﬂ&ﬁ%ﬁ@m{ges l'ithium
nitrates, dinethylam ne hydrochlorides, diethylamne hydrochlorides,

hydr oxy!| am PRYTRSTEMEHISeR gade dapndited ontqs wibstrdidysargmetho s know it es of a
crystal | i zafj By %étﬁ&ds'dﬁ%io%e%{)per chal cogeni des, al kali netal
t

chal cogeni des, al kal i , al kaline earth net al sal ts, sodium 30
chal cogenat es, dxdmplgprrsmptheds feradénpsittngsutolymasis prasaad ente seirfacderss, cadmi um

sel eni des, ' ' L ndi um sel eni des, indium
telluri es,ﬁﬁg: %%%#@%ﬁ hﬂﬁﬁsa Pﬁ%ﬁ%@%&%%ﬁﬂ%ﬁg?ggalIiunltellurides,
nn:rbdggunl nDIybﬂenﬂthn$&mdesmMHbyﬂﬂﬂeﬁugv&ahemﬂdp@ymmmhyﬁmaWﬁn
tellurides enum co Py tures ereo

An i nk may Ton allscﬂoscl)lre Onaﬂexabl u%gtrg%lr?eol%lgh cl?utd0 F Fomt he gr oup of a

conduct i ng qepbsitineyr of pslylmeec preeﬂiredrs insd lhgleﬂlrcsghlﬁmmibproeesd searbeslohd byde, copper
nmet al , |mhumrmtm g rrtetaht nc ; & ali netal s, %}ah nmet al
salts, al kalPlHESLFH %t"&‘Flp%SéH“sco %881%’?? 8H§P COQENETEETCURR %

chal cogematIﬁmtlnga@lmmamsminfglodeor BadPolyimchs pleeitbate of iRdMclomtel | uri de,

i ndi um sul fide, jndium n i ndium t IIurlde al lium sul fide, gallium
sel eni de, galli Lﬁf’r‘?‘?‘@ ° B I?I‘Efg Asg?rrﬂf’p%ti‘%l yr’%‘?r’t‘?é’rescé’fs e SYTRE % el | uri de,

copper sul fgudgrateclﬁaa@gspwh%nw@ COR@ID §fra @épbyﬁ@d@pramrm@h@wm sul fide,

nmol ybdenum sel eni d fy numtelluride, and m xtures of any of the
f or egoi ng. wmbiinakiorstthereefs di scl osur e may contain particles of a netal, a

conductive ”EtahhaéQQEoﬁﬁmﬁ&EQQqnﬁﬁﬁyﬁhﬁ§m9$kH?&ﬁhn@%@n@&kﬂﬁepart'C|eS
include silica, alumna, titania, copper, iron, steel, alum num and

m xt ur esd t hsrespprinting, inkjef prinsiagagTosoigiirating ik prigging, o PRAIG ont ai n a
bi oci de, a SEAUEST RN (388 prinfing DEd AiRing, ﬁexngya?&& Piflring 3 gﬁ@é escent, or a
| SC

viscosity nodifier. I'n"certain aspects, an ink osure may be
formed as aprygwingtdoniact pANES (RYPEABIME, @emampm}tmgolnth@grg@m solid gel or

paste. An 'Q&x&@%n&% hoqﬁnﬁﬂﬁaﬂﬁ &ﬂ&gmgﬁg%gﬁgfc precursors solubilized in a

carrier, utio e polyneric
Examples of methods for depositing a polymeric precursor onto a surface or

20  substrate include electrodepositing, electroplating, electroless plating, bath deposition,
coating, dip coating, wet coating, spin coating, knife coating, roller coating, rod
coating, slot die coating, meyerbar coating, lip direct coating, capillary coating, liquid
deposition, solution deposition, layer-by-layer deposition, spin casting, and solution
casting.

25 Examples of methods for depositing a polymeric precursor onto a surface or
substrate include chemical vapor deposition, aerosol chemical vapor deposition,
metal-organic chemical vapor deposition, organometallic chemical vapor deposition,
plasma enhanced chemical vapor deposition, and combinations thereof.

Examples of methods for depositing a polymeric precursor onto a surface or

30  substrate include atomic layer deposition, plasma-enhanced atomic layer deposition,
vacuum chamber deposition, sputtering, RF sputtering, DC sputtering, magnetron
sputtering, evaporation, electron beam evaporation, laser ablation, gas-source
polymeric beam epitaxy, vapor phase epitaxy, liquid phase epitaxy, and combinations

thereof.
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precursors. In certain variations, a polyneric precursor may include
particles or nanoparticles that can be suspended in a carrier, and nay be a
suspensi omoanr1pE7238 of the pol ymeric precursors. |n cerParnsemoodiosents, a
pol yneric precursor can be 20 m xed with a mniml amount of a carrier, and
may be a slurry or semsolid gel or paste of the polyneric precursor.

The viscosity of an ink of this disclosure can be fromabout 0.5

centi poi ses (cP)InE&aab&modﬁﬁen%Paﬁiasrfp&pﬁe@l@@@wrso@ b0 dRGHl 3R £P, or from
about 1 to about 15 cP, or from about to about 1% cP. 25The viscosity of
an ink of tybyra aed %@mqée%laﬁSwnﬂp@m%mﬁcqwr@mbédmmd ptathg 06 cP,  or
greater.  ThepWhe agetdaiPim@lich Qéve&halﬁegh%lﬁﬁ&fc%r&ﬁﬁogqnafyrbfem about 20 cP
to about 1 x 106 cP, or from about 200 cP to about 200,000 ¢P, or from
about 200 c®ppuatedbetatthel0bst@Edo ¢Rate@rlayfer.om about 200 cP to about 40, 000 cP,

or from bout 2 t g i nk of this
di scl osure can gg %ﬁ%@%@% d%fgregtga%ﬁ eilcigejm%org % déﬁ’os@éd il %bout 20 cP,
or about 10@bgRte omulgnoutslyS50Geqgientidly, sbethtr by, sﬁfmlng,R;oang, alblﬁu@,@ 000 cP, or

ggOUt 10, 009 occﬁ)ér methogigoil? (? g%rer(f)[ oﬁlrﬂerl& E)regl?r(s?éjr% n}ag be contac?e’dror ;rrnﬁfgogz)nggnggtos

fromthe grlmﬁqfre dfe dapcssurnfgatepaditrmg aahediepqzmrngatep oraﬂelethuhquommg stefan
anti-foam t1 ckener, a

o ost oy iR eric R it el ontallea bfiplofinthe G e Qe PLEKEMST

conduct i(vi ttyang@etidg thapsyystiaprbduzatd tofheubimteanrfacdn ext ender, a film
5condi ti oner, an_adhesjon gr@m)ter, and a. d%/-‘ﬁ n certain variations, an
p 0

ink may contain R IRB P SHPGUNES P FotiF Y oRfpY 0¥ YU sul fi de,

cadm um sel gitide, caf 8BB3AN § Sbdttdllbdle: indkt imosihbiel Geh aZinliBy SigbeMige, zi nc
telluride, copper sulfide, copper sel eni de, and copper telluride. In sone

aspects, anPtNGilnGHegrs aFosplicres sryslles dsa prrtial Vagiug) atmasl’@?fﬁductl ve netal, or an

oxi de. 10An i nk pigsR€fomagRsiike ApRPRE S0 O BRI BSISmBRE YE&I{dfEs Pr ecur sor
conmpounds of this disclosure in one or nore carriers to forma dispersion

or sol uti oncan be done g\ viysiuy trsriceatysesdaeinding frpmiabews b €i ©idbeut €A BT pr epar ed by
di Sper si ng. Q0 4R /€ ABKTRIA  BE RGHISAKS] T @ BOLUBDLe, @IduheaLing. Lhe

solvent to dISS ve or di sperse the polyneric precursors. The polyneric
precur sors abayt a¢eto abanp AekE. roafiparebedt 205CHe ahraubHWUIC, or BE1hawd about 99%
(ww, or fgpm %&{h 299 §91% to about 90% or from about 0.1%to about 90%
or from about 0. to about 50% or from about 0.1%to about 40% or from
about 0.1%to ab’(nutess@@%rr@kmgla@damﬁumvomvmgxa step @fb@mforzmﬁ’g a polyfoeien about

0.1%t 0, (ﬁbg(yr%cu%soo%colm oung i i’f‘n‘;a{.g?lglso? erglcgrpd%ﬁ.tﬁl gan ble ymar Cﬁ%tsva%of or films of

pol ymerTc precursors on su recursors of this
i nventi on ctampdetutts @dltdmgnfedoealploot ol tbabamtfrm%ﬂ |oafrsmtnjp01del|50>§¢21to ng a | ayer

o0 2 M O 16| P SRR N BRSPS oy o o
are descri bed °abeveom 2[53%54@05‘Eﬂt0h8dhﬂl680 °¢,he fiberdtsut 308 pO$s dbout 60depsi ti ng, "
and " deposi otrlfgorr]n abro?rlc 300 ° 1.C to about 550 °C, or from about 300 °C to about 500 °C, or from
25  about 300 °C to about 450 °C.
In certain aspects, depositing of polymeric precursors on a substrate can be
done while the substrate is heated. In these variations, a thin-film material may be
deposited or formed on the substrate.
In some embodiments, a step of converting a precursor to a material and a step
30  ofannealing can be done simultaneously. In general, a step of heating a precursor can
be done before, during or after any step of depositing the precursor.
In some variations, a substrate can be cooled after a step of heating. In certain

embodiments, a substrate can be cooled before, during, or after a step of depositing a

precursor. A substrate may be cooled to return the substrate to a lower temperature,
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any nmethod for placing a conpound or conposition onto a surface or
substrate, including spraying, coating, and printing. As used herein,
t he termwohnon/firi3s? refers to a |ayer of atons or nol e®diras2010/04057
conposition | ayer on a substrate having a thickness of |ess than about 300
30m croneters. A deposited |layer of this disclosure advantageously
all ows precise control of the stoichionetric ratios of certain atons in the

| ayer becausg tdog t'eﬁ‘x%i@r'étu?eaﬂr 0&n %ﬁmgn@ratéremféﬁbﬁﬁlt@ﬁ uki@! YRk C
precursors. | ymeric precursors of this invention, and

po
conp05|t|oﬂ@obéﬁKﬁF%ﬂﬁgnﬁﬁw9W@WM@aﬂﬂ@é&?@b*ésméﬁﬁebe deposited onto a
substr at e usi ng ALK OPMy bk 06 Al ordS ekl B8 WIRkOGS di scl osed

her ei n. | és of " nethods for depositing a meric precursor
onto a surfm@umppygmb@tanéﬂwweﬁdﬁnmmaim asfval doflccsspieaynbndg ergipat i ng, and

printin i or nore
polyner?% precursgfglsl@%frﬁﬁﬁlS &@Xg%ﬁggg?g&%ﬁﬁgﬁﬁ¥§%PgﬁgﬁgE %ggﬁg?ln a high

t hr oughput wsolga sprayoesae withedjaeghdsndzziginndnsipod meeide gumefounsprs i n a hi gh

t hr oughput rg{%y» naﬁﬁ&%éﬁunobe done by spraying or coating a conposition
cont ai ni ng on neos Meric precursors, or by 10printing an ink

cont ai ni ng one dhﬂnﬂm&nmaﬁﬁnedmdmmmﬂhnha@bmmﬁﬁmmhﬁ&kﬂM&dbbsure Exanpl es of
met hods for ﬁOSIt rsor nto a surfac substrate

el ude sprdPPiae SardyeBRuigte SpRa T RBe bt sp e T o s: . and
conbi nato or;&eduli’@rseafheEmrmh@&eaafsuh@tatmdsmg@naypf bt filRg otksihiigfilan i nk of this
di scl osure include 15screen printin nting, aerosol jet
printing, iW Clh 1S dSRSH 5dcslj’ré¥edp?qaﬁfii g’rm?gglf’r&?/ﬂbg%‘%ﬁ’fait%%flﬁ@’ta”f ransf er
printing, pagia@dsndn bl ﬁlbﬁKQ@ra@Q&ltrﬁteﬁbhh@HWaIﬁ[ﬁa\éﬂé@rd@ﬁﬂs&hhlﬂg, cont act
printing, reverse printin thermal printing, l|ithography,

eIectrophot%@?%ﬁﬁﬂ@‘%?ﬂﬁ? W@TMQWHQB@WﬁWH%FWhnS t her eof Exanpl es of mnethods
for depositing a polyneric precursor onto a surface or 20substrate include

electrodep05|t|n el ectropl ating, electroless plating, bath deposition,
coati ngls dl%lﬁbﬁgﬂﬁégﬂﬁﬁt coating, spin coating, knife coating, roller
coating, rod coafy %SlyHI%{19f)reQ+r§or§9ﬂh g%enﬂi@%%ﬁ B@ﬁseﬁ?@ﬁlhfbgphokdvehﬂé rect

coating, capillary coating, liquid deposition, solution deposition,
| ayer - by- IaW@mﬂd%@@§pbr@ﬂB0§b@h6ﬁh§ﬂ%ﬂg, and sol ution casting. 25Exanpl es

of et hods Tor_denasih g, BAbUIRELCoRRSGHIRA B AnfuBpsface o, substrate

i ncl ude chem cal vapor osItion, aerosol emc vap eposi tion,
met al - or gandptoetdeapiic dd:vimﬁapmt erdayasn‘mmm sy@tlegla nwaMaﬂlg the syofenis o&l  vapor

?ﬁg?: 'mE 3PN p I ARSI r&ARBPE SRR BmY AR BRI diCpoRY, &Rl  ons
onto substrates and formed into absorber materials and semiconductor layers.
Absorber materials can be the basis for optoelectronic devices and energy conversion
systems.

In some embodiments, the solar cell is a thin layer solar cell having a
25  CAIGAS, CIGAS or AIGAS absorber layer deposited or printed on a substrate.
Embodiments of this invention may provide improved efficiency for solar
cells used for light to electricity conversion.
In some embodiments, a solar cell of this disclosure is a heterojunction device
made with a CAIGAS, CIGAS or AIGAS cell. The CAIGAS, CIGAS or AIGAS
30 layer may be used as a junction partner with a layer of, for example, cadmium sulfide,
cadmium selenide, cadmium telluride, zinc sulfide, zinc selenide, or zinc telluride.
The absorber layer may be adjacent to a layer of MgS, MgSe, MgTe, HgS, HgSe,
HgTe, AIN, AIP, AlAs, AlISb, GaN, GaP, GaAs, GaSb, InN, InP, InAs, InSb, or

combinations thereof.
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Exanpl es of nethods for depositing a polyneric precursor onto a surface or
30substrate include atom c | ayer deposition, plasma-enhanced atom c | ayer
deposi ti onp 20a0um3IBchanber deposition, sputtering, RF spOoritseéng4409C
sputtering, nmagnetron sputtering, evaporation, electron beam evaporation,

| aser abl ation, gas-source polyneric beam epitaxy, vapor phase epitaxy,

| i qui d phase epitaxy, and conbi nations thereof In certain

embodi ments, a ffj e&{aup@.lrm&fslacsomr%smsﬁﬁfs diepsReisdeRngiuh&thnQetie. 8 substrate,
and subsequently a second po1yner|c recursor nmay be deposited onto the
substrate. Medecith gicwr Btrodckecthtod @Everal di fferent polyneric precursors
may be deposi te%%wnimgw%&a@éeﬁ dbACEE BisBoh Y iy hRkd GRALAT N

vari ations, different polynméric precursors nay deposited onto a

substrate silyan clacrt@dwlyyr 20p¢n ghsgpireminy caBi.yg, wWinkey hmr wawwmge,ntcoat i ng,
Printings oL, B9k i gér (Fephs STlaaTJﬁﬁstQ'tef fﬁhg%p@&%}zﬂ?{%%@sé%g%ﬁ%é. may be

contacted or m xed before 't epositin epositing step,
or after tHﬁmdéwUs&ﬂwng29taﬂmnmhdyphmymemnmmpmﬂcnxsﬁmsﬂsahmﬂawc&htacted

before, durj M @A% Bl *}ge fyt 96 12D é’&@'ml i%{ﬁ%d?f%&%’ meri c

precursors T e’s ate sur ace ?ynerlc
precursors, ummmﬁuﬂcmgmhywSQmaﬂ)@gbee@amﬁngﬁnamdepwmnﬂhmgmﬂ&am(hﬁmdone in a
controlled or inert atmosphere, such as in dry nitrogen and other inert gas
at nospheres™%@s well as in a partial vacuum atnosphere. Processes for
deposi ting, spr aysoiy,cel Qatidtend thiOdis@ésurd hiohape b YR trate, darebetiodednyrer,15can be

done at vario s greratur%ﬁbfncludhgg fromaboyt -20 C to about 650 C, or
from about ¥ ToMab AT ager, Pradnesion RIpIeHne syt @ JpFigR BHINC00 C, or

from about RrG hhsh@idlay368 trénsp@ent @b @Ok, a2fhinlpak @t addaudtiv30Ride, or from
about 20 C to about 250 C. Processes for nmaking a solar cell involving a

step of traRST Ot FATRRIE! FAIYHBIIPEIYIST [ Eeti Y @@ﬂﬁlﬁ%\@mlyn}%@yar Aaterial or

sem conduct QiaiaRt r fnoiBehRtivaayd {f8IRELRL, BE & Brokde&l Ushiifigerf r om about
100 Cto abou?ﬁ656Q%?9%rI#ronlabéﬁt %rqﬂﬁoto ab )@ gr C, dfw%fgﬁlabout 250

C to abbut BBU. & cegpinfvariationnsnebgpr kyedngisse pbsféltzcof ahporperdicsbout 400 C

to about 650 C iREerfPh@RoHt < BPRIR el RROME b6 BRCGscskinbBkRREUt 300 C to
about 550 C, or fr%éﬂg%% 68 C %o é%but 5009g Corm?ﬁg%12§h%out 300 Cto

about 450 Qrecursor comppueéﬂrqnémma@pmﬁ of thjamssiier tihgt adpantrgequibrdveidpr ecur sor s
on a SUbStrﬂﬁﬁmﬁﬂ@uﬁﬁwﬂ&&@@%@mﬁﬁm&ﬂ%wgybStrate is heated. In these

vari ations [m mat eri a e deposited or formed on the
substrate. humﬂdww&mnmmemhmdwdb¢w$emmﬁmmmammbbdmmerMmhgnm;precursor

to a maﬁ(? ri l%ller,a or}qln 6iltltgrtfa%Pal molybdenum-containing layer.
Examples of a protective polymer include silicon rubbers, butyryl plastics,
ethylene vinyl acetates, and combinations thereof.
Substrates can be made of a flexible material which can be handled in a roll.
The electrode layer may be a thin foil.

25 Absorber layers of this disclosure can be made by depositing or printing a
composition containing nanoparticles onto a substrate, where the nanoparticles can be
made with polymeric precursor compounds of this invention. In some processes,
nanoparticles can be made with, or formed from polymeric precursor compounds and
deposited on a substrate. Deposited nanoparticles can subsequently be transformed by

30  the application of heat or energy.

In some embodiments, the absorber layer may be formed from nanoparticles
or semiconductor nanoparticles which have been deposited on a substrate and

subsequently transformed by heat or energy.
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300f annealing can be done sinultaneously. In general, a step of heating a
precursor can be done before, during or after any step of depositing the
precur Sorwo 2011/017338 sone vari ati ons, a substrate can bePcoalSedoafi406T a step
of heating. In certain enbodi nents, a substrate can be cool ed before,
during, or after a step of depositing a precursor. A substrate may be
cooled to return the substrate to a |l ower tenperature, or to room

tenperature, or thQoAeRRRAALINY i AP R NoRaie e AcAGRORINE b @ndphiche  Vari ous
cool ants or cooling methods can be applied to cool a substrate. The

deposi ti ng @ndysiryanst.iaduferdavar.foryperbsarbsulBserr e cdeciage lBeerd®é with vari ous
appar at usesqgiithd eﬁﬂe%tﬁsrggﬁgmna&t&n&m ; §yp té\% trarRSardR b kRS ARRG! bed herein.

5 In sone vari ations, depositing of | ymeric precursors can be

per f or med udiGeY layespichgs aonrg padefayd, adjngralbllayendnped withplwenginowsat o provi de
a uniforgms MRSk i i - 0N, i . t hi
disclosdfg %ﬁ%%ﬁ%? coﬁ?%%gﬁgﬁg%ég%?%ﬁ%29%%@%“%5H§%g§§$$%ﬁb&%“*§§€r onto a
subst r at e, ahediemtthexidyerr, com ailns toneiderlayan depedotithnfbrorige, Wpe deur sors. The
article may, substrate.havi a_ laver of film or a.thin film which
5 epost et By SUEEHE Syl Brotiln 6% dad G Pt 2%, ) cor catn
vari at i ons, oxade. dit ipaye abveyrbdrdaer candebIATAAS, PIGAS ed AMGA S lagepaddher i ¢

recursor ink, re the ink,is printed in attern on the substrate.
B0t ovol 1dfcurofufi et Be mooahuRL T FlmafeR BRULEH ByPleahBERRICS roont i on
c??_ be s edaboot mak%sr@hﬁér@v{oﬂhtoah@s.rm%eeﬂﬁaf &é@mdn 516d B a @ﬁhﬁlﬁp ofifitd gh
efficiency. . As sho in Fig. 6, . epbodi ts.of this invention na
further pfowfyasl%ﬁ?maéte%%ﬁr-cﬁdgwe@o ﬁ‘ﬁntéﬁ%ﬁf%[ﬁﬁ%}’%}’i 5 stiFet ens. g
Fol | owi ng thexigy ah BRiRO6xi&D a Beh)MBIbSIR L Y6BRbxi@eMPounds, the conmpounds
can be sprayed, deposited, or printed onto substrates and fornmed into
absor ber mat er i alcgegREMRERdBAMIEILIONHURNE eXidoRpergiey infatdficasti@lcan be the

basi s for ophRehRstEMLGIVEOYIBSIANE]L DLIPYinER RS Mt SHRI¥Rec | N SOME
enbodi ments, the solar cell is a thin layer solar cell having a 25 CAl GAS,

CIGAS_OFSAH@ﬂgﬂabsorber | ayer deposited or printed on a substrate.
Enbodi ment s of F?gﬁ?éQ%&g%h@&aﬂﬁmcEﬁHMhﬂgahﬁB%@Mﬁﬁn%EBM@hﬁ&@%efOr sol ar

cells used for |1 to electricity conversion. . '
layer, which may be formed using various molybdenum-containing and selenium-

containing compounds that can be added to an ink for printing, or deposited onto a
substrate.

20 A thin film material photovoltaic absorber layer can be made with one or more
polymeric precursors of this invention. For example, a polymeric precursor ink can
be sprayed onto a stainless steel substrate using a spray pyrolysis unit in a glovebox in
an inert atmosphere. The spray pyrolysis unit may have an ultrasonic nebulizer,
precision flow meters for inert gas carrier, and a tubular quartz reactor in a furnace.

25  The spray-coated substrate can be heated at a temperature of from about 25 °C to
about 650 °C in an inert atmosphere, thereby producing a thin film material
photovoltaic absorber layer.

In some examples, a thin film material photovoltaic absorber layer can be
made by providing a polymeric precursor ink which is filtered with a 0.45 micron

30 filter, or a 0.3 micron filter. The ink can be deposited onto an aluminum substrate
using a spin casting unit in a glovebox in inert argon atmosphere. The substrate can
be spin coated with the polymeric precursor ink to a film thickness of about 0.1 to 5

microns. The substrate can be removed and heated at a temperature of from about

72



In sonme enbodi nents, a solar cell of this disclosure is a heterojunction
device nmade with a CAIGAS, ClIGAS or AIGAS cell. The CAI GAS, Cl GAS or Al GAS
30l ayer a9 2be/01%Bd as a junction partner with a | ayer @CI/uSes1004@8pl e,
cadm um sul fide, cadm um sel enide, cadmumtelluride, zinc sulfide, zinc
selenide, or zinc telluride. The absorber |ayer may be adjacent to a | ayer
of MgS, MgSe, MgTe, HgS, HgSe, HgTe, M\, AP, Al As, Al Sh, GaN, &GP, &As,

GasSb, InN, jgoPc tb B 6(bmq‘ébor RBmfa%mIm@t@ RobNROeCn an incrt atn]dRpiRy, t ai n
variations, a solar cell of this disclosure is a mul tijunction devi ce nade

with one orth?i‘é‘i’)epr%‘a?@%h@ldnalrm%@laﬂ ghotovoltaic apsorbegk el in Fig. 7, a sol ar
cel |_devi ce of tRing} SEhRUT.aN MRS Ry RURBIERLE O 196 &h gt rode | ayer

20, an absorber layer 30, a w ndow | ayer 40, and a transparent
conduct i ve Mhadedry pfaaing 5001y M Bf@@gwa‘tkeﬂm@l lﬁr@yelbéwmtbtaé)l% mpk@wstic, gl ass,

or ceramgc I % | ayer.
The absorg r bet;ﬂir%? aoyf gr()%c%{cgggl%%ﬁ ﬁ{eéi‘?gggp %té‘d (%Eﬁé) X%&gﬁﬂﬂ} ay e@{t%ﬁgay be a
cadm um sul fubgmtd @ygra inl%l‘ bta)rmteansqoapmbbx ummdnm“t atmesnhalyreﬁ 15161 dahowe an indi um

tin oxide l@Y r-or a ed Z'”B 8XId % §%> g eV|ce of this
mlcrons e@s e 0S1 he N s ﬁate e subs Tt
di scl osure nay ave a su rate, an e ectro an a sor Yer | ayer, a

w ndow | ayelremoaem aad hegedan apesmpmttum@f framaboutaO(p E(hcdabomt garcnarfrdnayer, a
transparent a transpasrent el ec rod ranspar ent conducti ve
e harabo R b 2 AR R b Fre P B My o PR Tl ot | e
pol yrer 10 aylﬁiitemalph@tn@ca@malbairb@gayleayer an anti-reflective layer, a
protective |ayer, tectjve ertdeg n vari ations,

an absor ber Iayé%"1 S‘?rﬂec?xﬁ Saf‘SB’aﬁF%l o eHTad%lg’éP)‘l%B‘anglaaﬁ Fodelayeron | - ceortain

vari ations, a gdNaiyl&Rdrsphiyatbaibimae DihiPfiReReeas phslodataROdbysBEi C precur sor
conmpounds and conpositions of this nventlon t hat advantageously avoi d

addi ti onal lémrfrm'Pez%emeéﬁnf@ﬁhes%?cgﬁﬂezlawr@ﬁ deseibsg above. A window Iaygr €48y t ai n

variations, haicpQid 01§t§ltﬂe MENDG SayRBYA h%9a@nt%hmqmm&%amwg 201 ayer,
or an int erfam al nol ybdenum cont ai ni ng | ayer. nP es of a
ag

protectlve %P?Wépn@rﬁ]&q Wi do s jay pre thgrepy) i eng, anlﬁ’mbwlwempﬂfasﬁ eell et hyl ene
vinyl acetates, \aag Kok OIS NREERSorer lover SHASHEHEchR be made of a

flexible mterial ehand edinar The el ectrode | ayer may
be a thin fmpwdmg@n@@ron@epollymym pregyrsar kpwpelinds powyidieg canbstide, nade by

deposi ting aglrﬂ{gtﬂiéo’ﬁﬁ)oﬁn&‘s%%%% §db9t?at&9@<ﬁ ﬁ‘éaﬂl&%&e @ﬂﬁ%’t@%&l{éh@&a&% 0 a

substrate, anoparticles can pol ynmerrc precursor
conpounds off ftdm gouhMOTCitoabout AOGUWIer pff lvoe sizws | 00dhiophetticé) &S ircaan be made

A ok, ORe A RLKTE D, ALEE WK O TROHNT R, e fERORLAS on o

substra 0S| hano an subsequen Fornmed by
of from 0.001 to 100 micrometers. The spraymg can be done in spray coating, spray

deposition, jet deposition, or spray pyrolysis. The substrate may be glass, metal,
polymer, plastic, or silicon.
In certain variations, methods for making a photovoltaic absorber layer may
25  include heating the compounds to a temperature of from about 20 °C to about 400 °C
while depositing, spraying, coating, or printing the compounds onto the substrate.
Methods for making a photovoltaic absorber layer on a substrate include
providing one or more polymeric precursor compounds, providing a substrate,
depositing the compounds onto the substrate, and heating the substrate at a
30  temperature of from about 100 °C to about 650 °C, or from about 100 °C to about
600 °C, or from about 100 °C to about 400 °C, or from about 100 °C to about 300 °C
in an inert atmosphere, thereby producing a photovoltaic absorber layer having a
thickness of from 0.001 to 100 micrometers. The depositing can be done in

electrodepositing, electroplating, electroless plating, bath deposition, liquid
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30t he application of heat or energy. In sone enbodi nents, the
absorber |ayer may be fornmed from nanoparticles or sem conduct or

nanopart iwbesimhizsk have been deposited on a substrate a&od/tsabo@guwent |y
transforned by heat or energy. In sone enbodinments, a thin film

phot ovol tai ¢ device may have a transparent conductor |ayer, a buffer |ayer,
a p-type absorber layer, an electrode |ayer, and a substrate. The

transpar entde%@d?@&ﬁ%&ﬁhdn%ﬁéﬁésn%)’la?& 13- 15;@@&%&6@% ﬁ&QQQMgtdr\é&uﬁéﬂ de (TCO

| ayer such as a zinc oxide |layer, or zinc oxid ayer oped with al um num
or a 5car bo%stmnérthe@@ﬂrayéwy bp elags, pietel, prlvansr, |p&w3r of gficod- tin oxi de |ayer
doped wi th fl UorM&ﬁods%rrﬂe[}nW}BmvBhaﬁ %?@%rl'aﬁ’éf%has%str@t@ ildilum tin oxi de

| ayer doped with fluorine he % |'ayer can cadm um sul fi de,

or cadmi um Rraviflindenaeramére ghlymels¢ pepurpar ynks) m@w@mg deubstTrite mpintippthicabsor ber

| ayer c by GASy e layer can be
nolybdeﬁﬂnlﬁ%ﬁngf%ansSg%%§?§g%%g§h§§$5+%%§ﬁaU§ﬂgﬁhﬂgopﬁ&ﬁ%%§%out 0.5
nlcronetersHmﬁChhabmmé@B(3Bhﬁomub@Eﬂowayexﬂmam%aPQ@Jbemanemdmwwnxsulfide
n-type junct art ner { buf f | ayer may be
2 57T cbn areS BB RS b BB TR sk PBESHGI®E oy on ox de.
Sone exanplHmrm&KME&mspﬂm@nhﬁmpndMeﬂmmansmedmsmang1@@M@nnmn;ﬁmmﬁrlner et

al ., Transpa nductive Zinc Oxide,. Vol rin Series in

Vet et i ol o CRIERE R B . b £ T S CPE TR YRR | oan i nel ude
a nDIydenumusbb@ymdephnkemﬁﬂﬁﬁnIamamathmﬁhﬁmmwwbﬁu&QMﬂﬁ@tm&mmg;varlous
nnlybdenun}co alnln .and sel eni um cont ai ni c nds _t ha an be added
to an ink f8? B‘F‘Pﬂ% Im-GpnigRIHE SOPRYErE %Sr}gi?ﬁggp‘é(#"e’fem%bi\a@(ﬁr‘ﬂ film
materi al phgypovol tai c absorber |ayer can be nade with one or nore polyneric
precursors of this invention. For exanple, a polyneric precursor ink can be
sprayed onto a stainless steel substrate using a spray pyrolysis unit in a
gl ovebox i npR@ritdl §6%erdeNRSRMGNLE tradddBssRr @y pyrolysis unit may have an

ul trasoni c nebulizer, precision flTow neters for inert gas carrier, and a
tubul arquartz riduscdisstosins canteplatgs mcthods fpharodysingand dakiveding glsetriealt e can be
heated at 3, @RPRIALU Rl dol1cF ARAMepfth Cine® vARORE LRRIL ol [ e

at nosphere,” thereby producing a mat eri al photovol taic absorber

| ayer . solar ighkidereleeireitspiieich can bempreyvided|tor permmericial pgptrorBd.ol t ai ¢ absor ber

| ayer can be ma Al I i Eﬁ? ' is filtered
with a 0.45 nlc?%ﬁg&§%£§¥ﬁ92¥9n3¥mgC%?g%%gggg &%P&ﬂ#Qg%e |nE%can be
deposi t ed ol celharslyuwhio ranswbdincatmmbsi ofgolar epls.n casting unit in a

gl ovebox, i n i ner LIS R e he S i ated with

t he pol %jorrerl o priglgg?lgroreuad ﬁ&fs 0'%‘?11 dlf T h Eﬁgevsegﬁlg?w&gmﬁ%b %@ gf) 1%95 m crons.
The substrakﬁxbam%hnnbenmmﬁdmaaﬂmhmam@dpawma tenperature of from about

The power systems of this disclosure can be made in large or small scale,

including power for a personal use, as well as on a megawatt scale for a public use.
An important feature of the solar cell devices and power systems of this
25  disclosure is that they can be manufactured and used with low environmental impact.
A power system of this disclosure may utilize a solar cell on a movable
mounting, which may be motorized to face the solar cell toward the light.
Alternatively, a solar cell may be mounted on a fixed object in an optimal orientation.
Solar cells can be attached in panels in which various groups of cells are
30  electrically connected in series and in parallel to provide suitable voltage and current
characteristics.
Solar cells can be installed on rooftops, as well as outdoor, sunlighted surfaces
of all kinds. Solar cells can be combined with various kinds of roofing materials such

as roofing tiles or shingles.
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100 C to about 600 C, or from about 100 C to about 650 Cin an inert

at nosphere, thereby producing a thin filmmaterial photovoltaic absorber

| ayer. woO 201/ 7438r t her exanples, a thin filmmaterial pphaiSovolos@sT
absorber | ayer can be made by providing a polyneric precursor ink which is
filtered with a 0.45 mcron 5filter, or a 0.3 mcron filter. The ink may be
printed onto a polyethylene terephthal ate substrate using a inkjet printer
in a gl ovebox IrAﬁcrwr@%&émeénrma@&eis%lareemrramaﬁaaearw}t stBrage dyQtem. A Cr ONS

t hi ckness can be deposited on the substrate. The substrate can be renoved
and heat ed REVeASYsERparabaye 8 digdecpypnmgsiieuitad agottegeasgiltingGocwt toor  f r om
about 100 Gork@nPlhOYkcBPlored @R, frd;ﬁaram%rgrml%ag@rh@solar&nseayfrcﬁr BdHeing a thin
film 10material photovoltalc absorber some exanpl es,

sol ar cel | @archiygedrade by provi di ng an electrode Iayer on a polyethylene
terepht hal ate s | ol; rber | ayer
can be r(;5(6)lat ed o%’g&{]ﬁ%& ‘@8%“:38 5&1 1'10@5} els%gpggtglé Ab%)c\@/ljéccv R\?ﬁgndow | ayer
can be depodédimabuwer oettheaighsos, tpamphgw@rter dsilmamspacfonttercofiductiove oxi de

| ayer can beléédgg w&%@ muﬁ%%Qe mnndOM/Iayer t hereby form ng an

enbodi nent O & § Par cels NoAS f or maki ng a photovol tai c absorber

| ayer on a substrate include providing one or nore polyneric precursor
conmpounds, providj ng.a substrate, spraying the conmpounds onto the
substrate, $§%¥Lﬁ8%%gﬁgl%he substrate at a tenperature of from about 100 C
t o abouto 600 C, Souircef offsilasniddaldtsilvddd el t Og(BbOEr HDeCsilvar Balid2)i ner t

at nosphere, .t hereb; ducin hot ovo tal absor be ayer having a

t hi ckness oflVFrY ﬁ%%fgﬁ“mfﬁmi %ﬁ' %ﬁﬂﬁ ¥W§m§b$§ hg can be done in
spray coating, SpuRYs fRRAS: lnchie cd@br @letaps:um @ﬂr(II)Oéop‘@@t’flﬁMdé%)’édbbé’rs' s. The
Substrate na be gl ass, netal, poly plastic, or silicon. In certain

vari ati ons, tdﬁﬁaﬂgppfeb'f‘cer?éﬂér %@pfa aB%rdﬁa/sersr alkdlt SBPNSEAIKPIGYALES. rmy 25 i ncl ude

heat i ng theco? m%méstetwn@m@rmﬁé@aﬂéai%nﬁé bpRED abRHtan @fonftet @pplout 400 C
whi | e depositing, spraying, coating, or printing the compounds onto the

substrat %ﬂﬂrwcrtﬁhcwrengomermﬁ@vlﬁ%maéﬁ gonpesdmpdylapipsthoyide.a substrat e

i ncl ude pr %bﬂ&ﬂﬁm@ﬁ&s%hdﬁﬁ&%e?@k%ﬁ?r'C precursor conpounds, providing a
substrate, depositing t conpounds onto the substrate, and heating the

substrate at a 3Quicehpfandinmreclule ifdigmmgbdutialid@d@nt o about 650 C, or from
about 100 Qr&(ﬂalﬁggltﬂneglggjm ind®m fla{lf%lgg %‘?Mﬁ cﬂiglg’ eg; &18etﬂgle nrll1 9190&1 or from

about 100 Cto a Cin an 1 nért atnosp ere reby proéﬁbrng a
photovoltaM@naﬂwbmbmnﬂh@ymmch&bwﬂgmasUh@uhﬂesﬁhmﬁmﬁnmwﬂ©nﬁ@ﬂnmomloo

i croney rs The : tr posi ti ng,
electrop ?ﬁ%@q@ﬁ % Fgg%1§$£¥$ﬁaaﬁﬂ§Fhmﬁ§m%§ |6ﬁ liquid deposition,
sol ution demﬂsmbp@mnmdmmﬁﬁ-hyhhmymﬁtm@@ﬁsrt|on spin casting, or solution

casting. The s u%so%rrcg'g 0 gnHle lnclgclle ga iumnr%%t?d ’tr1aﬂ8/|1gc1ﬁﬁnﬂ t d1aﬁ<ty|larﬂ1n or silicon.
gallium, gallium halides, gallium fluorides, gallium chlorides, gallium iodides,
diethylgallium chlorides, gallium acetate, gallium 2,4-pentanedionate, gallium
25  ethoxide, gallium 2,2,6,6,-tetramethylheptanedionate, trisdimethylaminogallium, and
mixtures thereof.

Sources of aluminum include aluminum metal, trialkylaluminum,
trisdialkylamine aluminum, aluminum halides, aluminum fluorides, aluminum
chlorides, aluminum iodides, diethylaluminum chlorides, aluminum acetate,

30  aluminum 2,4-pentanedionate, aluminum ethoxide, aluminum 2,2,6,6,-
tetramethylheptanedionate, trisdimethylaminoaluminum, and mixtures thereof.

Some sources of gallium and indium are described in International Patent

Publication No. WO2008057119.
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Met hods for nmaking a photovoltaic absorber |ayer on a substrate include
provi ding one or nore polyneric precursor inks, providing a substrate,
printing wbeohinkssont o t he substrate, and heating t he ®abatse@avasa67 a
tenperature of from about 100 C to about 600 C, or from about 100 Cto
about 650 Cin an inert atnosphere, thereby producing a photovoltaic
absorber layer having a thickness of fromO0.001 to 100 mcroneters. The
printing candbe.mengrulittss bE@nRaiidd | Ng, inkjet printing, transfer
printing, fTexographic printin or gravure printing. The substrate may be
gl ass, 10netal, pwwéprocw%@sqf%as diglosgirg, p eQyAROSTFeE ORBeteHd MYy f ur t her

| ncl ude addidy I teRRuitd B0 A WRRchalamAaps.al ni ng compound, such as
I n( SeR) 3, erein R1s a aryl. Electrical power generation and
transm ssion 1§11lﬁnszadplswllt :Hz$ er ‘whnizengyl eitleS:Svendydusafrisd oprtoyduigng and

del | ver 119 gheatd baglss AMEL A, BABLAXAULELLalEK) 5ok iLoyd nvent i on can be

used, for e, to convert s "ect ri ¢l ich can be
prOV|ded tanaogmnﬁebmzabnpmmdﬁﬂgﬂmdwdoutwuhSsvuwedrm@ﬂemmmebhe term "sol ar
cell" refer§m£8u4ng|V|dual solar cell as well as a solar cell array, which

can conbi ne"a nu M- solar cells. 20The solar cell devices of this
di scl osure can hamﬂmnmpbnwedﬂmmkﬁabhhj@mbeﬁmﬁaﬂam@khmdﬂu&mﬁﬁnahnnbe

manuf act ur e el s. stens of this disclosure
o baC raaettort, RGN Bl RA0%t temngratures ARG SYSHHBr “hotstr comal Cuoe. o
wel | asion alfiggaivabid Si[éﬁiz@tlcanﬁa}aoeméﬁbtrﬂedeﬁcunAﬂtly opaghantllf. eat ure of the

sol ar cell devi syst ens his 25djscl osure i hat they can
be manuf act ur edCE&‘ﬁ‘E?aG§ 8@*%%11% ﬁrffﬁ)“rd&tl?ﬁ‘érﬁg%{]l Su f’rs?ﬁéé’ldrogen su ﬁ(EGA power
system of tdlivkeddiigClydsiges rmyentat dullfuZ QuidurpOwvasr, &ehdn ddIfRlcN@MADI € mount i ng,
which may be notorized to face the solar cell toward the |ight.

Al t er nat i veldysubides, digpethyd pplfide gingrghyldisRifides 2ph mixtpiesdaregbj ect in an opti mal

orientation. Solghm ?I%k bﬁsereﬁﬁldgeaga{té ﬁxelh@éihyd%g@a@a&rﬁdé Hyd%é&@el%ﬁﬂéous gr oups
of cells are 30el ectrical connected in series and ara lel to provide

sui t abl & v&iiuéajewiﬁﬂwdtqgﬁm@ catahyelapivat iselepipy powder, carbog iglenidel 4lleylcan be
install ed %1§59@£1h990§1meﬁ§y1 y@édldeaémféuwﬂa@ LienidL Hhd lgmlﬁgs hytfraces of all

ki nds. Sol ar | s can be conbi ned vari ous kinds of roofing materials
such as roofi ng A pulsizasion ohpalgpiization step can also be done with co-deposition of

another metal such as copper, indium, or gallium.

20  Chemical definitions

As used herein, the term (X,Y) when referring to compounds or atoms
indicates that either X or Y, or a combination thereof may be found in the formula.
For example, (S,Se) indicates that atoms of either sulfur or selenium, or any
combination thereof may be found. Further, using this notation the amount of each
25  atom can be specified. For example, when appearing in the chemical formula of a
molecule, the notation (0.75 In,0.25 Ga) indicates that the atom specified by the
symbols in the parentheses is indium in 75% of the compounds and gallium in the
remaining 25% of the compounds, regardless of the identity any other atoms in the
compound. In the absence of a specified amount, the term (X,Y) refers to
30  approximately equal amounts of X and Y.
The atoms S, Se, and Te of Group 16 are referred to as chalcogens.
As used herein, the letter “S” in CIGS, AIGS, CAIGS, CIGAS, AIGAS and
CAIGAS refers to sulfur or selenium or both. The letter “C” in CIGS, CAIGS,
CIGAS, and CAIGAS refers to copper. The letter “A” in AIGS, CAIGS, AIGAS and
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A power system can include a solar cell array and a battery storage system
A power system may have a diode-containing circuit and a vol tage-regul ating
circuit twopnewram3st he battery storage system from drai rCmgSeémoowyh7 t he
solar cells or from bei ng overcharged. 5A power system can be used to
provi de power for lighting, electric vehicles, electric buses, electric

ai rpl anes, punping water, desalinization of water, refrigeration, mlling,

manuf act uri @QIG@S‘théB Q%Feafd%@ﬁ)re ROWLERS afd Gelle?e%etetsﬁver 1@§@u&&€~§” @f silver
i ncl ude silver netal légseg G%$ | ver nitrates, silver halides, silver
|

chlori des, SiGSyédGHced AEA A SATGAS refgracio Fﬁd%{nmrﬂt?lﬁtfﬁé ‘gof Sources
of copper ﬁl@l@@%f@@%m%@m %AF 1an(%§\k(|})xs r&&@&%auﬂ@ | BiRS et OPPET

chl ori des, coppe acét at es), koxi d s, copper

di ket onat es A’ ioﬁ@@ASZAE}@ @d@@ﬁﬁaﬁmhm@@mag aftpre hﬁ@éﬂ @nda@eefer@bpper

2,4- pentsaneg Qhat.e, copper 15hexaf| uoroacetyl acetonate, copper

acetyl acetonate, copper dinethyl am noet hoxi de, copper ketoesters, and

m xtures ther eofCASGu\rScthsrebfe Gomtli alsm Hemeiresdated MEMWGMAVSYSd @l kyl i ndi um
trisdi al kyl am nejn d| um hal i des, indiumchlorides, dinethylindium
chl ori des, ({trl?i‘dpé Iﬁﬁa% SS i ndi um acetyl acetonates, indium

hexaf | uor opent anﬁesdlsahhxtrﬁﬁ,,the rechu@iGR) AlES, mx@aﬂﬁﬁmodiels the vad htitims

met hyl tri c i ndiu rif onat es, . and
moxtures t Ranes KLOSSRLShTRas, BbGRAT. ot EL S RATs b el

trial kylmal dsivesmas (OGS diGS, kndCaA&IGSae@a&tlwelymnlgsaIdbscumdtahérdes._ gal l'ium

gal || um acet at e TG4 Gy SaA Bk anddch SR Bty Pt o8 ik Yo, gal | & o
2,2,6,6, -temmjwllm@mmg?b @é%@écﬁwel&rdna@IGStMSaaﬂd@ng i um and m xtures
ther eof Sour ces um num i ncl ude al um num et

trial kyl al uiRRSERClE PSSl & KB oS and Al r%?P@ﬁ"r‘lVﬁan‘inrlPéF fggebedal umi num

fluorides, @hdtwisaum chlorides, alum num i odi des, diethyl al um num chl ori des,
al um num acet ate, 30al unmi num 2, 4- pent anedi onat e, al unmi num et hoxi de,
al unmi nuh 2, 2, 6, & he tere Al hipfareiptvaidvnbiiarich dithpsdpnatvey isarion®al um num
and m xtur eé(aﬁlp%f EBREAS and CIGAS, respectively, as well as variations in which Aluminum
is zero, for example, CAIGS, AIGS, and CIGS.
As used herein, the term CIGS includes the terms CIGSSe and CIGSe, and
these terms refer to compounds or materials containing
20 copper/indium/gallium/sulfur/selenium, which may contain sulfur or selenium or
both. The term AIGS includes the terms AIGSSe and AIGSe, and these terms refer to
compounds or materials containing silver/indium/gallium/sulfur/selenium, which may
contain sulfur or selenium or both. The term CAIGS includes the terms CAIGSSe
and CAIGSe, and these terms refer to compounds or materials containing
25  copper/silver/indium/gallium/sulfur/selenium, which may contain sulfur or selenium
or both.
As used herein, the term "chalcogenide" refers to a compound containing one
or more chalcogen atoms bonded to one or more metal atoms.
The term "alkyl" as used herein refers to a hydrocarbyl radical of a saturated
30 aliphatic group, which can be a branched or unbranched, substituted or unsubstituted
aliphatic group containing from 1 to 22 carbon atoms. This definition applies to the
alkyl portion of other groups such as, for example, cycloalkyl, alkoxy, alkanoyl,
aralkyl, and other groups defined below. The term "cycloalkyl" as used herein refers

to a saturated, substituted or unsubstituted cyclic alkyl ring containing from 3 to 12
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Some sources of galliumand indiumare described in International Patent
Publ i cati on No. W2008057119. Additional sulfurization or selenization
I n vari owwoprooasses of this disclosure, a conposition ®CTABRE0I0aSTRY
optionally be subjected to a step of sulfurization or selenization.

Sul furization with H25 or selenization with H25e nmay be carried out by
usi ng 5pure H25 or H25e, respectively, or may be done by dilution in

hydr ogen or caigan Blofnk oggﬁsedﬁeﬂeﬁlnth%aérhp@(p@5&11@'1 slgclta@em[)awﬂc@z;mkw th Se
vapor, or other source of elenental selenium A sulfurization or

sel eni zat i oRG¥llep 4ty 2adhE ) dkylahikeisspiae e e(r2orkdbdetude00 C to about
650 C, or &153@1@@%(%}1&?%(@%&9}"’ gc%kﬁ C@}ﬁkﬁrC(r@?arH%/l %@B&foC(?)Q&W furization
and sel eni zati on or nme concurrent se uentl a

Exanpl es ofC@Qﬂllf}ileréO)ﬁ@WE@éHt)@kyln@Gl&Héﬁyhﬁﬂm@éﬂ @Umalﬂd’é C(hY) en sul fide

di | uted e Rﬁ’g‘%ﬁ bon di sul fi de,
al kyl po ysu @gggggs& )?rlg{’l eﬁgs?}%}’fl %gllé)glgﬁl @kﬂﬁ)@%ﬂ{% ?ﬁ(gé%‘%nd m Xt ures
t her eof ExatiRrikybf sel eni zi ng agent s include hydrogen sel eni de, hydrogen

sel enide 15dilu d WI t.h r 9 i um powder,
car bon di sel eni de, a’inkll p?’q de}heire ”%erS%anlﬁlsaﬁ rate bran dnodl met hyl

di sel eni de, urﬁ)mﬂclmdxmmtﬁsted beursmtfsntuted alkonmylcfouky]zlatnngmoizz s@b@ani zati on step
can al so be . done with co-deposition not net, ch as, copper

hdi o or S T D ee R R ettty BRSE e PR Rl BER REHEPRRL he term
(X Y) when wkeefebhhngsatu@ated Bpacikd Sr ofbratches subsdﬂuceatoeanshhfa.&ut&l dlkgror X or Y, or
a conbi nation t 0 ound in the formula. For Ie, (S, Se)

i ndi cat es t‘ﬁ’ﬁlcoaﬁfl?’]a?‘?ﬁ gﬂ g?? ﬁaéLOIbad‘PlTl%?ndc?F ﬁ’“é‘%log?ﬁa(ﬁl?ﬁn Q?Fboélﬁ gg nation
thereof may be frodh@m "ElOLIIEK usddDieiteh fetthsSto RO LAY, BYt1dNE/1, aMREAL or0f each

25at om can be si)em fied. For exanple, when appearing in the chem cal

formul a of ksl gew eovakendy braded oon oxreergtony Pesemigianopiacueds t hat t he

at om speci fjiggh #aversttbec@miamyﬁ WhithtE e desasted lodinain + rhd 5% of the
conpounds and gal liumin remai ning 25% of the conpounds, regardl ess of

the idehti t@%r@%a@lﬁ%t&’" %ﬁt“é‘?@sheiehl refee (e osdTRbIkyl aroppre TAp&sNce of a specified
amount, t he"ah&[amlﬁcx’aXllserd%fereeﬁﬁef"e?s tg%eaé?wpo—)ﬂlm}ﬁéfe R%'l@k‘ ﬁ@@é&ﬂteﬁh&‘f X and Y.

hydrogen or alkyl, and at least one of R and R' is alkyl. Alkylamino includes groups
such as piperidino wherein R and R' form a ring. The term "alkylaminoalkyl" refers
to —alkyl-NRR'.

20 The term "aryl" as used herein refers to any stable monocyclic, bicyclic, or
polycyclic carbon ring system of from 4 to 12 atoms in each ring, wherein at least one
ring is aromatic. Some examples of an aryl include phenyl, naphthyl, tetrahydro-
naphthyl, indanyl, and biphenyl. Where an aryl substituent is bicyclic and one ring is
non-aromatic, it is understood that attachment is to the aromatic ring. An aryl may be

25  substituted or unsubstituted.

The term "heteroaryl” as used herein refers to any stable monocyclic, bicyclic,
or polycyclic carbon ring system of from 4 to 12 atoms in each ring, wherein at least
one ring is aromatic and contains from 1 to 4 heteroatoms selected from oxygen,
nitrogen and sulfur. Phosphorous and selenium may be a heteroatom. Some

30  examples of a heteroaryl include acridinyl, quinoxalinyl, pyrazolyl, indolyl,
benzotriazolyl, furanyl, thienyl, benzothienyl, benzofuranyl, quinolinyl, isoquinolinyl,
oxazolyl, isoxazolyl, pyrazinyl, pyridazinyl, pyridinyl, pyrimidinyl, pyrrolyl, and
tetrahydroquinolinyl. A heteroaryl includes the N-oxide derivative of a nitrogen-

containing heteroaryl.
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The atons S, Se, and Te of Goup 16 are referred to as chal cogens. As used
herein, the letter "S" in CAGS, AIGS CAIGS CGAS, Al GAS and CAIGAS refers
to sul furworosdigssum or both. The letter "C' in CIGS, EArE&S01Qo@&AS; and
CAI GAS refers to copper. The letter "A" in AIGS, CAIGS, AlGAS and CAIGAS
whi ch appears before the letters | and Grefers to silver. The letter "I"
in CIGS, AIGS, CAIGS, CIGAS, AIGAS and CAIGAS refers to indium The letter

"GN OGS Al Ghie Sl 8o E Ay GASRIG GG RIA S oh ki UM The
letter "A" in Cl GAS, Al GAS and CAlI GAS whi ch appears after the letters | and

G refers toOrS0BITQMAtRAAS System of roMEAS Myrpeoriorhercaliom bt 4 dpr esent ed

Cu/ Ag/ | As N
30001 AL AN R il sty %, 75 PO

and CA(I, G)]Slospl@sfp@@ﬂd seddnyum may bO Byterpatgn. s, @:Aﬂ'tsrocyaé@@éscbq yely, 10as wel |
as CGS, S ' I escri bed ot herw se. The
terms C %A%eti%%&? iy IR Bl AR B | b (1.GAS Al,GAS,
and CA(l1,G A S, %wmhiwﬁlaypsedmdre(ﬂ@rs tAlG3y] addalCiaiGS| fr(vrespectl vel y, as

wel |l as CGAS é}f e unl ess, esqr g ot herw se.
15The term a(]f%ﬂ § afbof( nl%csacf osu\?grals % Lﬁ’oﬁtgle:é%ey Ric aﬁld ermCarca)lr aFver is zero,

for exarrpl eyscAh&BAD refd tCAGAY, growgspaddd tvahymybgomelfdr caamplaraibahzydbns i n whi ch
Alum numis zero, for exanple, CAIGS, AIGS, and CGS. As used
herein, the™®¥m CGS includes the terms Cl GSSe and Cl GSe, and these ter ns
refer t corrpourtd;s té@h "gBRbeil’ Bds&hs&ﬂfﬁeam prfbgeIﬁ’Qa group of the formula —

copper/i nd| i sel eniu contain syl fur or selenium
or bot h. Th 6&0}5\@%&% égm‘rgh%argn@ryﬂg i %ﬁg@és h&r‘f&%@? il these ternms
refer to CngBﬁiﬂlﬂdﬁn&lranrH% nl 280 is@OIBIRbBARE to a carbon atom >C=0. The term

silver/indium gallium sulfur/selenium which may contain sulfur or selenium

or both. TheYEr esysesheraigrefasdo 1QFé of &} nd heigruSagilery "eyanesss usehd t hese

terms referpdQn RAIPRUINS Pl B %10%!3@ o Okl i B R Go fluorg (-F), chloro (-Cl)
25copper/si |l ver/indi unf gal | i un sul fur/sel enium which may contain sul fur or

sel eni ub orbrp®e KrBr), and iodo BF). ysed herein, the term "chal cogeni de" refers to
a conpound cont aiai g @&tﬁtﬁ{ed@&%e&ﬂé}&ﬁ?&&@t@&%lﬂ%{?&&l <P e or nore

nmetal atons. The term "al kyl"™ as used herein refers to a hydrocarbyl
radi cal of wbgHutionapeabgOudnisphiael eande thepamehi differairrngd enay ilulsehed or

unbr anched , aiish Lkt i SRSLL LA AdBIANCR, R SRBKAT Nl ng from 1

to 22 carbo atons. Thrs iniftion a
alkanoyl, alkanoyloxy, alkylamino, alkylaminoalkyl, aryl, heteroaryl, heterocycle,

20  aroyl, and aralkyl as used herein refer to groups which include substituted variations.
Substituted variations include linear, branched, and cyclic variations, and groups
having a substituent or substituents replacing one or more hydrogens attached to any
carbon atom of the group. Substituents that may be attached to a carbon atom of the
group include alkyl, cycloalkyl, alkenyl, alkynyl, alkoxy, alkanoyl, alkanoyloxy,

25  alkylamino, alkylaminoalkyl, aryl, heteroaryl, heterocycle, aroyl, aralkyl, acyl,
hydroxyl, cyano, halo, haloalkyl, amino, aminoacyl, alkylaminoacyl, acyloxy,
aryloxy, aryloxyalkyl, mercapto, nitro, carbamyl, carbamoyl, and heterocycle. For
example, the term ethyl includes without limitation -CH,CHj3, -CHFCH;, -CF,CHs,
-CHFCH,F, -CHFCHF,, -CHFCF3, -CF,CH,F, -CF,CHF,, -CF,CF3, and other

30  wvariations as described above. In general, a substituent may itself be further
substituted with any atom or group of atoms.

Some examples of a substituent for a substituted alkyl include halogen,
hydroxyl, carbonyl, carboxyl, ester, aldehyde, carboxylate, formyl, ketone,

thiocarbonyl, thioester, thioacetate, thioformate, selenocarbonyl, selenoester,
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al kyl portion of other groups such as, for exanple, cycloal kyl, al koxy,

al kanoyl, aral kyl, and other groups defined below. The term "cycl oal kyl" as
used her evo2oefars8t o a saturated, substituted or unsub®Cirtust@d/oespst i c

al kyl ring containing from3 to 12 carbon atons. As used herein, the term
"C(1-5)al kyl" includes C(1)al kyl, C(2)al kyl, C(3)al kyl, C(4)alkyl, and
C(5)al kyl. Likewi se, the term"C(3-22)al kyl" includes C(1)al kyl, C(2)alkyl,
(3) al kyl sqeﬁa)@tem@ 1&6@@&% o S BABIoH, piSkAbicn Iﬁ)eaam

C(9)al kyl . C(10)al kyl yaox% B‘WP 5}) OS&{ o(14)

C(15) al kyl , ansidy, m@n%wnowﬂr@ am@yw @eairearaat%;sulﬂlmg@)l@{lww @(620) aI kyI
(21) al kyl ’su%gat(ec%gl%ykﬂllfonamldo uﬂ%ﬁylt il 'fnhefé ?(9%’1' aryfiﬁral-k?/?d herein refers
to an unsaturated, branched or ranch g subs uted or “unsubstituted

al kyl or cy@@@@hk@ﬁ”ﬁﬁm@ﬁﬁ»Z to 22 carbon atons and at |east one

car bon- car bon d%@Lﬁo %Héistogd‘ﬁatt ‘?ﬁtght ;gydMubsf?t teH%ﬂ"peerbﬂo@uJ}prEf ers to an
unsat urated, branc d ranch titute unsubstituted al kyl or
cycl oal kyl %bmnmgmzmﬂ@122a®amb0nwm1mnmnaddahmwkéﬁemubmeuahnwnamtarbon
triple bond 0 «he efers, to an al kyl,

cycl oal kyl , the 1}(bst1tu?r1¥ Ks usqd'ﬂerelq lt(he)%é(rlrjnp sﬁbos\%/la e% tu}c[u% ali(;pe dmissolbltgn oxygen at om
The tern1"ahbanmmh" as used hereln refers to -C( =0) - al kyl , which may

alternatively be referred to "ac " The 15term "al ka | oxy"' as used
ner o n refers to" 2ORELomRR i ooFnE P LGRS AR HE L Used

her ei n ref edoataiing e ogmttﬁbmwnt,ersvﬂ‘i@/rlﬁclﬁleaﬁ&e B'escﬁb&i aeaﬁ hisemédtesr hydr ogen
or alkyl, and at |least, one of R and R .is alkyl | am no includes groups
such as pi pé?efe(fﬁsﬁgle’(f\h"érdg SIFTRMER 2R SHPIYIOmCE 71 rPé’“C‘*f’FFQ br Hh @34l kyl ami noal kyl "

refers to -ahdelic iRRIre.” Zﬁbﬁb@ltfb@gﬁtstareyéhem@sl MPRACBRIFES KR ckSARE thet O any
stabl e monocyclic, bicyclic, pol ycgcllc carbon ring systemof from4 to

12 at oms .rﬁt@%wmqrﬁ@mnﬁﬁ@?wﬂaa@ Ipgodganddiiglog,ian yrell gs BEBREt foethe Sone exanpl es

of an aryl idGhiBoPHaRochIHRBS Ml the §e9£ra@&1y&rsfé%%ﬁl@aélare iddanythe and
bi phenyl . Where an aryl substituent is bicyclic and one ring is

non- ar oFat i &t See. psexamier Micheel B Ratithand denmdprch. Mok s diensedbReaanie ring. An
aryl may beCl?e%ﬁHQ/S tjt‘htertl%g 2@61 uﬂ%&ﬁfpbﬁﬁ%& @Hd structures o-fhﬁs &i&fifurehgt eroaryl " as

used herein refers to any s | e monocyclic, bicyclic, or polycycllc car bon
ring systemm@@fnthrecljmmmsmalmsabbn@mers, SIS his QTG Ty, diaptseouiers, entieagt. one r | ng

|'s aromatic, %ﬁj }ﬁ‘?c’élf i@{gﬁ&s E{]P\%lﬁd BQurgdeFE cf ‘3%’@;&8’}&tﬁ%%o%&hﬁ@cdcnﬁp%ﬁh@xyge”

ni t rogen and osphor ous an eni um na eferoatom Sone
30exanpl es @Tstracttueileqclo@mglhny mixhuiel gacamid Qilomcl’wwqmemmial i nyl, pyrazolyl,

i ndol yl 20 benzot r"[lh%zl Yé{lltlbl’ll I:nucrongXslsés atn Ak élli t’aut%%@rzlco tso IVgtncY I‘unlgoqvaztgc{ uranyl,

qui nol inyl, isoquinoli
hydrated or unhydrated forms, as well as any atom isotope forms of the compounds

and compositions disclosed herein.
This invention encompasses any and all crystalline polymorphs or different
crystalline forms of the compounds and compositions disclosed herein.

25  Additional Embodiments

All publications, references, patents, patent publications and patent
applications cited herein are each hereby specifically incorporated by reference in
their entirety for all purposes.

While this invention has been described in relation to certain embodiments,

30  aspects, or variations, and many details have been set forth for purposes of
illustration, it will be apparent to those skilled in the art that this invention includes
additional embodiments, aspects, or variations, and that some of the details described
herein may be varied considerably without departing from this invention. This

invention includes such additional embodiments, aspects, and variations, and any
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oxazol yl, isoxazolyl, pyrazinyl, pyridazinyl, pyridinyl, pyrimdinyl,
pyrrolyl, and tetrahydroquinolinyl. A heteroaryl includes the N oxide
deri vat i we0abh11201m38r ogen- cont ai ni ng het er oaryl . PTAISR@0(0M4057
"het erocycl e" or "heterocyclyl" as used herein refers to an aromatic or
nonaromatic ring systemof fromfive to twenty-two atons, wherein from1l to
4 of the ring atons are heteroatons sel ected from oxygen, nitrogen, and
sul fur. Phogphaseuss ﬁmqﬁ%@m uameaﬁym?em@ulalewlaaén% intldsy ang heterocycl e
may be a Sheteroaryl or a dihydro or tetrathydro version thereof The
t er m " ar oy| combénatjgipaf thefeéiurﬁs;rfém 8" qlements %ﬂ%ﬁl vepigy ilpstraied ¢ompgngtom an
aronatlc Ca&ﬁQ%ydﬂﬁ acid, such as a substituted benzoic acid. The term
"aral kyl" as use erein refers to an aryI group bonded to an al kyl group,
for exanple, a Ddwzry haywipaphthe KOThen,'t "anin"the bandouyilar tegms isdegeribateethe
represengs ; : r s
"car bonyl " %ﬁ%&8§%§?1“ggaﬁ%§d g?gi%ﬁ@g%égf%§$ga&&h@%gmﬁu%ﬁﬁghﬁ%n oxygen
atomis doufdmelbonded to a carbon aton1>C;0 The term "hydroxyl" as used
herein refers t 4 MmN | u"e [ no" .as used herein
refers to - %h gP%?n%“%ﬁ? éenmwng’"haldg re gﬁ?’ ‘?PﬂgmBmE ff chloro
(-d), 15brt0|’nSB cénsBugd asapeh-taldd tmé which mean, foerxempler'thhmn’@buttmt ed" as used
herein refers. to o at om havi.ng ,one ot e.supstit tLpn oSy stituents
whi oh can BEMEH0 S aFIN dFR IR SRUTR Sy R (iU TR Aipst 1 ¢ vent
Thus, the teomsinalgkyle to Bey&dn@talehytb belﬁig iﬁellilylkfe, nal deyhiyive. al koxy, al kanoyl ,

al kanoyl oxy, al kyl am no,. al k r. t er oa heterocycle
20aroyl, and ar atRyAtoAET o Bod! oL é?fe%ﬁgwwﬁg LI 1 ude

substi t ut edscy@hie 3hiu® ASlingSWiBEH the wirRd 2y itvadd ROFiduBlGy KeidlicR@ar, branched,
and cyclic variations, and groups having a substituent or substituents

repl aci ng oweethsy Oﬁbqtéorﬁf;/a#tb@é%esafflthab%eng%arﬁﬁypr%ﬂmeﬁteat 5% of the group.

Substi t uente%(aﬁlEet th@?e)ﬁg@@ @tﬂzaﬁllaeﬂest@mﬁ)up%ﬁmn%p%% lh{agergr oup include
enyl | kynyl, al koxy, kanoy kanoyl oxy

al kyl , cl oal
25al kyl b% n@actlamqkwra%ﬁon@iamiuylgrea@r ghlan Olh@ﬂl@lrt@érayql leSﬂqté@re@rcsf@y%!ltel . &b oyI
ar al kyl, aC\VJ)lfld Béfﬁ{d%%%od b9¥1ﬁa’§95kﬂ'i@' 19the*&?t' %?iéfﬁ(é val e ABloy MAQRGY -

al kyl am noacy acyl oxy, aryl oxy, aryl oxya , nercapto nitro, carbanyl,
car banoyl , bmuldtrefloeql arcsremplaryFamd nekiarmiicthe EG@EG petherineettiiph. | ncl udes wi t hout

limtation -CH2 CHEGHE
- CF2CH2F, Ccmﬁggmungg%Eége dﬁﬁh%rOfg%ﬁg$$g%F%ns as ggc&ﬁ{ed above. In
general , a awdhsy idpaertvalmyallingeltfin e rhagetak drit wubgtdu\tlduaﬁﬂ regitedh any at om or

glr E;F IO%OC ?t }(1:%61]}11 awhether or I}%? 3 Oex&%l@va?u%%%ﬁthﬁ i) r%gg%e ar rf)tres];lgr ocfted U%)DELI ;gt ed

car boxyl at eexafnprenmb Ierliné’Cd){Sé ;ncldalema]ndmhmitaudnhh@mdnwc1,t(m Ga,c(étt a?ISe,

t hi of ormat e €§rbonyl sel enoester, sel enoacetate, sel enoformate,
al koxyl , pﬁ%égﬁ 1§f phosphonate phosphi nate, am no, am do, am dine,

i m no, cyano, nHMﬁmumazmdemnE@n&aﬁqﬁ@nmﬁuk&hmmbwhbe&hﬁﬁh&hbmmhmwlfate

erjla}‘ E;?t © ar%ﬁﬁuf Eecy aélﬁa %Iﬁ)lé% @?‘%@5{231%0?1‘5%{1 (\)Vl%lthesg ‘:elr S knor\]venttg Eh%(s:g sﬁ<|11¥ed aryl,
25  inthe art, and are not intended to limit the scope of the invention. Definitions of
technical terms provided herein shall be construed to dominate over alternative
definitions in the art or definitions which become incorporated herein by reference to
the extent that the alternative definitions conflict with the definition provided herein.
The examples given herein, and the exemplary language used herein are solely
30  for the purpose of illustration, and are not intended to limit the scope of the invention.
All examples and lists of examples are understood to be non-limiting.

When a list of examples is given, such as a list of compounds, molecules or

compositions suitable for this invention, it will be apparent to those skilled in the art
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5[t will be understood that "substitution” or "substituted wth" refers to
such substitution that is in accordance with permtted val ence of the
subst it utwo 2atinyBRd t he substituent. As used herein, tIRETIUSROM/044057
"substituted” includes all perm ssible substituents. In general, a conpound
may contain one or nore chiral centers. Corrpounds 10cont ai ni ng one or nore
chiral centers may include those described as an "isoner," a

"ster e0| S0n{ﬁﬁt,mmﬁlres%‘ﬁétlﬁ{eé%lfﬁlgound@ﬂqol&ﬂl@@&ﬂ &H%Bsﬁmﬁ%@nay%%'b@a' i soner," or
as a "racemc mxture." Conventions for stereochem cal nonencl ature, f or
exanpl e t hesu§tlde.eoi soner naning rules of Cahn, Ingold and Prelog, as well
as nethods for the determ nation of stereochem stry and the separation of
stereoi soners are known in the 15 gxhAmpBgs, for exanple, Mchael B. Smith
and Jerry March, March's Advanced Organic Chemi stry, 5th edition, 2001. The
conpounds_and stThgerqgradmenc pkibssdT6A) yavpatoamed witert Q2® enconpass al |

possi bl e i SARLSeradhEh R AMRIE FA 1HANRE SQUBCSsticeNAN! NMYELSa wafad/ or opti cal
i soners that vvou%d be understood to exist for the specified compound or
structure, leputladdisig aavayianiQQ Wtk speciioenics or ot herwi se, thereof 20This

i nvention enconpasses any and all tautoneric, solvated or unsol vated,
hydrated or unhydrated forns, as wetAv@ggany atom i sotope forns of the
conpounds and conpositions dlsclosed hereln Thi s |nvent|on
enconpasses any amécparatior plpolvngricy g spd goragasitions crystal | i ne
forms of the congpu SGRTRES 25 Addi tional
Enbodi nent s @g%%% icati ofr?tsplr& gﬂfglﬁéeggeg%gﬁfﬁt@la pat ent

publ i cat® onEwantigipdSeRt): abpls(ﬁ@azﬁloe)}n‘s'as(ﬂyn@dsmémemg therfellevdahpioedatsy
specifically in r f l¢ pur poses.
VWile this i nveggl&gﬁl ﬁtaﬁ]g%g%ré ggg%)??gdgs Pﬁﬁﬁgk&a?%k egk%{%lr(f%l %Oenbodl ment s,
30aspect s, mmol)a)flraSaBm)s,,OMOrﬁanmoHefGa@SsHu&v@zbgé(mmd)‘@i‘rth for purposes

of illustra j be a tnto t |IId|nteartthatth|s
i nvention |‘§1fé$3%@ a%go% ¢1|4onr11%1l B@ﬁ%g% %nlfd d1sta%i)eclfn A\ggr |Eat| ons, and that
sone of t heBe:heélw (B@ milgsas adied, alneﬂelreacmymbeurvafras adredcm% Wefoalb? yir.wi t hout
departi ventl on. Thi.s [V on incl ddi ti onal
enbodi ‘&?lgf% h?‘g soltrof W byednd! he E \aivalsisield “83‘% cﬁ@ nd equi val ents
t hereof | n Iﬁasrstule&lddl Péntank mosmeeyusb@m dxfredt tigBoduoy ThenBuniagkelotiaf t he
features, terr’?slf or elerrepts of he Val’lff |Ilus ratlve co gnents and

ered ofad] &

exanpl es. W& Hhauglst lFFéF%tinH agind fhirerofadifeyarercsu Seq‘é‘?’i“f"m'r? and simlar

terms in degfei ilRgd pReuli. NV 9%, oﬁMoWFbﬂtvha@ oblapleddB, are to be construed
to include both the singular andt 8
Elemental analysis: C, 26.7, H, 5.07. NMR (1H) 1.06 (br), 1.80 (br), 2.12
20  (br), 3.75 (br) in C¢De.

As shown in Fig. 8, the TGA for this MPP-CAIGAS polymeric precursor

showed a transition beginning at about 162 °C, having a midpoint at about 213 °C,
and ending at about 230 °C. The yield for the transition was 41.8% (w/w), as
compared to a theoretical yield for the formula Cug;7Ago25Ing3Gag4Alg3Se; of 44.2%
25  (w/w). Thus, the TGA showed that this polymeric precursor can be used to prepare
Cug7Ag025In03Gag4Aly3Se; layers and materials, and can be used as a component to

prepare other semiconductor layers, crystals, and materials.

EXAMPLE 2
An MPP-CAGAS polymeric precursor represented by the formula
30  {GagsAlgs(Se’Bu)soCugsAgos} was synthesized using the following procedure.
In an inert atmosphere glovebox, a Schlenk tube was charged with 0.48 g (1.0
mmol) of Ga(Se’Bu)s, 0.44 g (1.0 mmol) of Al(Se’Bu)s, 0.20 g (1.0 mmol) of
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The terns "conprising," "having," "include," "including" and "contai ni ng"
are to be construed as open-ended terns which nmean, for exanple,
"includi /gy 2buto1ms8 |imted to." Thus, terns such as " cecprissdmg44057
"having," "include,” "including” and 10"containing" are to be construed as
bei ng i nclusive, not exclusive. Recitation of a range of val ues
herein refers individually to each and any separate value falling within

the range agydefBil dndWEr08; do@dhfﬁbﬁ@@kgose%ﬂ tEfeﬂzéﬁ@(%irﬁIr:) whelb&s, aff hoot sone of
y

the values within the range are express recited. For exanple, the range

"4 to 12" iwWedtaEdxterte stred a2d aE for 2dny Alroresolytien egepbtaingd. rHet i onal , or
rational vaéggr%na&a%%ﬁsveh*aa@paﬁan%q@&u QadhysBi) &BIG tﬁefmefsaue{ fggual to 12, as

woul d be un stood by those skil Inthe art. Specific values enployed
herei n wi | | repdtingrabition pozlfikescdtheawph afijtcrpaanulpandithe valatiles wdte scope of the

I nventi ag. ﬁggégﬁ%télk(?&n&fgdﬂn&e@?&lﬁce%;)r DB g @F%ﬁ‘tﬁf’%m@%ﬁﬂa@ refers

individual ly t h and any separ {e Val ue gwthin the range as if
it were indicwivdiedl |y recited 20 herein, whether or not sone of the val ues

within the rang e I Y, J.egit Fo aml the term"Cl-8"
i ncl udes mﬁthouﬁmﬁﬁhgggﬁfﬁzﬁﬁﬁéﬁéggéfgéa%%gjgg? Des o5, ©B, C7, and C8.
Definitions of tachowsalFiger, e T A Wi dedMpPer@AGAS polyhdribprecomst rued to

i nclude without recitation t.hose neani, associat.ed with e terns known
o't hose. skatpiht SEisiRhieRuine *GniRal S Mo EHRE S T o fed ccope o

t he i nvent i @dingledtont 23600S Tk yiekCfonthe atanditunBas@I3 @vs Ged),hecahparaial | be
construed to dom nate qver alternative definitiops in t t qr
definitionsa‘‘i}ﬂiﬁ‘?rﬁq"f’a‘ﬁ@ﬁl(g%‘ért i émb%?g?%ﬂ@h %éégﬁ%?ogé¥gééﬁg§'ﬁﬁu%ﬁ@ ext ent
that the alt@ARrRSWaahAefii pollmenspre@ol Editbewsédotphpagdef i ni tion provi ded
herein. The exanples given herein, and the exenpl ary | anguage used herein

are sol el y S0t CheAhudprdaveroindimatgiefs aidicgh be e 2np EOTHRANCRLI® ended to | i it

the scope Ofrefdi€oth@ueRichbRdhctoMldye@XyRIEanPRGdISt s of exanples are
understood to be non-limting. Wien a |'ist of exanples is given, such

as a list of conpounds, nolecul es or congositions suitable for this
inventibh, it will be appar ent to ¥ROMELEKi | 1ed in the art that mixtures of

the |isted conpunupp-0mIASGlyRSri0 hree@RASHEdRRE bR faini be suitabl e.
EXAMPLES Thernogravi netric analysis (TGA) was performed using a @0 5

Ther nogr avi tfebsft @ sy FerAlTAVINYP e rsing isvio by Brocgife ) . NVR dat a
vere recorded ushBginr YahdspiréA0vd¥oe, SRERIK A WS chafeldMithb.3b ¢ (0.7

mmol) of In(Se*Bu)s, 0.13 g (0.3 mmol) of Al(Se*Bu)s, 0.10 g (0.5 mmol) of CuSe*Bu
20  and 0.12 g (0.5 mmol) of AgSe*Bu. Benzene (20 mL) was added, and the reaction
mixture was stirred at 25 °C for 12 hr. A light yellow solution was obtained. The
solvent was removed under reduced pressure and pentane (30 mL) was used to extract
the product. The resulting solution was filtered through a filter cannula and the
volatiles were then removed under reduced pressure. 0.62 g (86%) of yellow oil was
25  obtained.
Elemental analysis: C, 23.6, H, 4.82. NMR: (1H) 1.06 (br), 1.81 (br), 2.12
(br), 3.73 (br) in CeDe.
As shown in Fig. 10, the TGA for this MPP-CAIAS polymeric precursor
showed a transition beginning at about 165 °C, having a midpoint at about 210 °C,
30  and ending at about 230 °C. The yield for the transition was 46.0% (w/w), as
compared to a theoretical yield for the formula CugsAgosIng7Alp3Se; of 46.3%
(w/w). Thus, the TGA showed that this polymeric precursor can be used to prepare
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Preparati on of polyneric precursor conpounds and conpositions An
MPP- CAI GAS pol yneric precursor represented by the fornmula 10{Cu 7Ago

25( SesBu)w8O2nod@84A103} was synt hesi zed using the fol PORUSgOONG®HSTUr €.
In an inert atnosphere gl ovebox, a Schlenk tube was charged with 0.31 g
(0.6 mmol) of In(SesBu)3, 0.38 g (0.8 nmmol) of Ga(SesBu)3, 0.26 g (0 6
nmmol ) of Al (SesBu)3, 0.28 g (1.4 nmml) of CuSesBu and 0.12 g (0.5 nmol) of

AgSesBu. Be@lzogmgo_sgﬁ_QAra}éeﬁﬂ@érsaﬂ@ﬁﬁk@riﬁmna%He%@ctis%ompzsﬁéﬁf% was stirred at

25 C for 12 hr. 15 A light yellow solution was obtained. The sol vent was
removed und¥epareefhesamispedisior Byandryieht ankmetg0alin ) was used to extract the
product. The resulting solution was filtered through a filter cannula and
the volatiles were subsequently rempye@gnrder reduced pressure. 1.26 g
(93% of yellow oil was obtai ned. El enrental analysis: C, 26.7,
H 5.07. NWVR ( ¥H)MEPEECASDplymerigprechisgr represepted oy Hreyforngilazs (pr) in CoD6.
As showns i nici,Ging R, §A6 TRABEOL LASMRELEARARRAIWIRIbodigoUr Sof Shovied

a transition beginning at about , havin dpoint at about 213 C,
and endi ng at abbar ineBEN@sphREeglyyebloy of Ishlenk aibe waneharged wvithes524 (1806 (W w) , as

conpared t shcaln i I o 3Gao 4Al o
3Se2 of 4493@?9g??&ﬁ%&&h4%%§gbﬁﬁég$%kpgﬁ§weEbfﬁ%%gg%fgg%%ﬁggeric pr ecur sor
can be usedAl%e’Brepat &3Quol. Agoodsif RuSSBaoBaren: 38al. ) vay eddsdaand theat eri al s,
and can be 9 re ' ; ers,
rystal's. s imin e e RRahon o it el S Rar BHERRL T

r epr esett edsobyent e réroovedlaad BOfdBa 030 b SasBlijo3ACam hegodducnddhesynt hesi zed
using the follow ng procedure, .In an.inert atnmsphere. gl ovebox, a Schl enk
tube was crarytF SR BESENGS argefR s B IRBET G178 ) 10 ol of
Al ( SesBu) 3, suBscgdlengly (dm®ctmmde) raficddpsesiBy. ladide @020 oflyBwdilnwml| ) of

Ag( Se5Bu) 3. Benzene (30 nlL) was added, and the reaction m xture was stirred
at 25 C for™4Pff A brown solution was obtai ned. The sol vent was renoved

and pent ane (30 NWR: was 108¢6h),L1oc4a%#)! BET (bhhe. 0P e uch.(brl iecmgsul ting sol ution
was filtered through a filter cannula and the volaiiles wer e 5subsequently

removed!Under r &HUAEYN Bridgdldr e THA o iy MEBACIGASPRPIMGHC BISCUSRfs r ecover ed.

NVR: (1H)  Lh@¥ed RirdnsitbnBdgiliMihg at aBodid 14 PE )haviRg & fnilfVidt at Sbo@BHR.cCAS shown in

Fig. 9, the TGA for this P- CAGAS polﬁnerlp.precursor
and ending at about 235 °C. The yield for the transition was 44.4% (w/w), as

compared to a theoretical yield for the formula Cugolng sGag2sAlp25Se, of 44.3%
(w/w). Thus, the TGA showed that this polymeric precursor can be used to prepare
20 CugolngsGagsAlgasSes; layers and materials, and can be used as a component to

prepare other semiconductor layers, crystals, and materials.

EXAMPLE 5
An MPP-CAS polymeric precursor represented by the formula
{Cu(Se"Bu)4Al} was synthesized using the following procedure.

25 In an inert atmosphere glovebox, a Schlenk tube was charged with 0.74 g (1.7
mmol) of Al(Se’Bu); and 0.34 ¢ (1.7 mmol) of CuSe’Bu. Benzene (20 mL) was
added, and the reaction mixture was stirred at 25 °C for 12 hr. A light yellow solution
was obtained. The solvent was removed under reduced pressure and pentane (30 mL)
was used to extract the product. The resulting solution was filtered through a filter

30  cannula and the volatiles were removed under reduced pressure. 0.99 g (92%) of

yellow solid was obtained.
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showed a transition beginning at about 61 C, having a m dpoint at about 201
C, and 10 ending at about 236 C. The yield for the transition was 43. 4%
(W w), aswoanparemssto a theoretical yield for the fornulPaT@se@AyehSa0o5A10
5Se2 of 43.0% (ww) . Thus, the TGA showed that this polyneric precursor can
be used to prepare Cuo 5Ago 4Gao 5Al o 5Se2 |ayers and materials, and can be
used as a conponent to prepare other sem conductor |ayers, crystals, and

materials. 15E><@V8£@§M@§M°% GRS, @) YIBIRL €1 DNERUBAOL 7 @By eaent ed by the

formula {Cuo 5 esBU)4Ino Al o 3} was synthesized using the follow ng

procedure. (br) 205 (brli) arR0ilbrert7odbidspbier e gl ovebox, a Schl enk tube was
char ged with 0. 37, o(ifiml heatA At sﬁ%ﬁﬁprusgpolﬁn&c(p@ec%mmo%eg
Al (Se5Bu)3, 0.10 g (0 5 niolj of CuSesBu 20 an of
AgSesBu. Behtransigiof Pegipni)g MEOQGGé@,,aHdﬁddltm@t apet@f) &n hhuyieldéonths stirred at
25 Cforg 1l 0 WO Was | vent was

r enoved unéé@glglgﬁﬁgigi1§4 L}fe anh&tﬁggdthane ?@%Iﬂkﬂ%glvﬁ}sl ﬂ)gnéglgto extract the
product . Th@uAlésmePJﬁ% (wwwﬂlm tha$GAi showeedtiattthis polgmeae prie¢urer coannul a and

t he vol atlles e the ed un essure, 0,62 8699 of

yel | ow oi | A A LSS 31’%? mater‘tag a“?r?%‘ﬂ’e e e Coé%poéelgt, 4.82. NMVR
(1H) 1.06 (Ihb]g)a,re dth&Xkeflepnductdr Ha&elé,hjrjsxalﬁaﬂ(Bmétbrlalsl n CGD6 As shown in
Fig. 10, the TGA for this MPP-CAI AS pol yneric precursor showed a transition
begi nni ng at about 165 C, having a;yi ?@ gt at about 210 C, 30and endi ng at
about 230 C. The yield for the transition was 46.0% (ww), as conpared to a
t heoretial vyi elxh MaP-GGveS p@ymﬁapréamost&gms&teﬂbyﬂhdmmﬁ of 46.3% (W w).

Thus, the T Q recursar can be used to prepare
Cuo5Ago5!| no%ﬁ(gﬁgggé koépgﬁsdg'ﬁ&% éllsmgﬂ%f tuﬁocvélﬁggroc $&d as a conponent
to prepare ot herInslemeﬂ@ﬁﬁhsph@ef glb@@b@k&a,Sohreylsmst,as antcaatitrg. @ $(0.EXAMPLE 4
An MPP-Cl GAS p i r r repre by the faornul

5t quoon nosciobl bt Bl 367 natr ) H B iSnetnadt i BREMPE Pbwi ng

pL ocedgre (rjluSOe ]35u Ian@tﬁlei([Eﬁ’lL) azhsrre]gﬁlah(afé@thglr@gmo ﬁﬁe wedutieil at 280€ was
charged. wit g.( of In(SesBu

Ga( SesBl 3, foplobr. g‘\l(l@tseliﬁ%w}ut@fl VAP pagaingy)) eéﬁwe@%ranwfd%n of

CuSesBu. BeRarie pled@rddnl psiancaddafl) wabticliRGediRaGhd HOJRB XTI @sui@s Stirred at
25 C for 12 hr. A brown solution was obtai ned. The 10 sol vent was renoved

and pent anesofusion ey filigred thagh e diltencapmle andie whvatives subkguendy Ul ti ng sol uti on

was filteredpbroial @adckd ﬁl%gsuféaﬂgy%%@@dofﬁfgl?ovy& @hd biRSnder € subsequently
renoved under reduced pressure : ? el l ow oil was recovered.
Elemental analysis: C, 28.7, H, 5.42. NMR (1H) 1.00 (br), 1.32 (br), 1.81
20 (br), 2.01 (br), 3.72 (br) in CgDes.

As shown in Fig. 13, the TGA for this MPP-CGAS polymeric precursor

showed a transition beginning at about 155 °C, having a midpoint at about 210 °C,
and ending at about 250 °C. The yield for the transition was 41.0% (w/w), as
compared to a theoretical yield for the formula CugoGag7Alg3Se, of 42.2% (w/w).
25  Thus, the TGA showed that this polymeric precursor can be used to prepare
CupoGag 7Aly 3Se; layers and materials, and can be used as a component to prepare

other semiconductor layers, crystals, and materials.

EXAMPLE 7
An MPP-CIAS polymeric precursor represented by the formula
30  {Cugy(Se"Bu)solngsAlg,} was synthesized using the following procedure.
In an inert atmosphere glovebox, a Schlenk tube was charged with 0.84 g (1.6
mmol) of In(Se*Bu)s, 0.17 g (0.4 mmol) of Al(Se’Bu); and 0.36 g (1.8 mmol) of
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NVR: (1H) 1.00 (br), 1.64 (br), 1.82 (br), 2.03 (br), 3.70 (br) in C6D6.
15As shown in Fig. 11, the TGA for this MPP-ClI GAS pol yneri c precursor
showed a woansi/ti738 begi nning at about 119 C, havi ng a ®Caas2em/0at05about
218 C, and ending at about 235 C. The yield for the transition was 44. 4%
(ww), as conpared to a theoretical yield for the formula

Cu09I n05Ga025A1025Se2 of 44.3% (W w). Thus, the TGA showed that this

pol yneric pr@etss giencai (hﬁmﬁwés atdaemﬁmeeeaamahﬂ%@s@@éd\&%ﬁﬂ | ayers

and materials, and can be used as a conponent to prepare other
seni conduct 9F 17 by & Bght yelost solwion ayeg obiamed. i Biess o VERAIASIEN Gy chindgpP- CAS

POl yeri c Pl B&Esu?@a%%%ﬁ%ee@o HML)W&?uéce@&Mtﬁcﬁtﬁ%‘ﬁé&i@’uﬁ%ﬁ%&ult‘{@s

synt hesi zed usi ng | owm ng procedure. In an inert atnosphere
gl ovebox, aSOSélthkﬁttQIb@hmlgh@ﬁlétﬁlg@an il tbe Voziatgeﬂweze thmlrf)m%ffedAl (SesBu) 3

and 0.34. g Ctbc?g s added, and the

reacti oﬂs m‘&%ﬁ%ﬁ%@”g&f‘?r a&’%?g%%%f%‘%% %%1 \é?ght yel I ow sol ution was
obt ai ned. The S(ﬂlmmalmysnserﬁJ\Zéd drdier. NEgucldd 1gPeboul. @ Gndl gént ane (30
m.) was us t duct. The resulting solution was filtered

t hrough a fqgf)t?()f gghrqbrll)] Ibg the volatiles were renoved under reduced
pressure. 0.99 \s(s@82¥ inigyldl thoWwGsofor dll&/M?P@HA&lpnb'dlerlc precursorEI enent al

anal ysi s: 2.03

. C 1 br) r 1.82 (br), 2.
(br), 2.20 5’(1‘8¥V5’da%‘af’fgloﬁlﬂi’?%m‘illﬂfg/%éﬁé‘%%g chind élﬂ%\%m h sz.lglg? the TGA for
thi s MPRy CAlndpadiigerdboutpiecdr sh¢ yiskiavete fadstt@nsiab Ho8%egine ng at about 60
C, and endi ng at abot 200 C. The vyield for th ti s 39. 7%
Gl s cOMBAREE T Beatrbs b PeaY ymale pgh thaSror M Bhtses of 39, 2%
(W w) . ThusThishge TGA s&ab\omatttmbom'eﬁc PobyR ChiCbAeLWIpIHarccan be used to
prepare CuAlSe? Iayers and materials, and can be used as a conponent to

prepare ot hetosarfletsalararsend maserials, and gaa bg peed ag A QOHRANSRS 1A PEPAEXAMPLE 6 10An

MPP- CGAS pobikdrREhRoRiuBGH$AE, drRRLCERMhS Y the formula
{ Cuo9( SesBu) 39Gao7A103} was synt hesi zed using the fol | ow ng procedure. In

an iner }5 at nrosphere gl ovebox, a Sth)I( el{l/lllgL%ube was charged with 0.33 g (0.7
An MPP-AAS polymeric precursor represented by the formula
{Ag(Se’Bu)sAl} was synthesized using the following procedure.
In an inert atmosphere glovebox, a Schlenk tube was charged with 0.44 g (1.0
mmol) of Al(Se’Bu); and 0.24 g (1.0 mmol) of AgSe’Bu. Benzene (15 mL) was
20  added, and the reaction mixture was stirred at 25 °C for 12 hr. A light brown solution
was obtained. The solvent was removed under reduced pressure and pentane (30 mL)
was used to extract the product. The resulting solution was filtered through a filter
cannula the volatiles were then removed under reduced pressure. 0.56 g (82%) of
dark brown solid was recovered.
25 Elemental analysis: C, 25.7, H, 4.88. NMR: (1H) 1.05 (t, 12H, *Jy = 7.6
Hz), 1.77 (d, 12H, *Juu = 6.0 Hz), 1.86 (m, 4H), 2.08 (m, 4H), 3.76 (br, 4H) in C4Ds.
As shown in Fig. 15, the TGA for this MPP-AAS polymeric precursor showed
a transition beginning at about 133 °C, having a midpoint at about 196 °C, and ending
at about 220 °C. The yield for the transition was 41.4% (w/w), as compared to a
30  theoretical yield for the formula AgAlSe; of 43.2% (w/w). Thus, the TGA showed
that this polymeric precursor can be used to prepare AgAlSe; layers and materials,
and can be used as a component to prepare other semiconductor layers, crystals, and

materials.

36



mol ) of Ga(SesBu)3, 0.13 g (0.3 nmmol) of Al (SesBu)3 and 0.18 g (0 9 mmul)
of CuSesBu. Benzene (15 nlL) was added, and the reaction m xture was stirred
at 25 C Nsban111@7338. A |ight yell ow sol uti on was obt ai nedT/Ush@oseiosent was
removed under reduced pressure and pentane (30 nlL) was used to extract the
product. The resulting solution was filtered through a filter cannula and
the sol vent was subsequently renoved under reduced pressure. 0.55 g (86%
of yellow oil was obt ai ned. El energ)@AM@nglgysis C, 28.7, H 5.42. NV\R (1H)
1.00 (br), 1.32 (br 1.81 20(br), 2.01 (br), 3.72 (br) in C6D6. As
shown in Fig. 13\nMRB-ATEA pobimerippEccwPmramasnis by terbenwt ecur sor showed a

transi ti on_begkoni pa, Al ARANLyIARLEL IR EBIRWIRN B2t about 210 C and

endi ng at about 25 ield for the transition was 41.0% (W w), as
conpared to a tHeer sritemhosphast goyabox tanwhicok mbk avaCeRoRd ORIB 73387 of 42. 2%

brepar e cuobiapsAIES Sy TR BALD LT PRLKRED S B RO MR o070 e oo 1 °
conponent t/@gi’pﬁlﬁpaB@zatehe? n@was:aidddl@n(bthelr%pewrsmlxuny%mtm;edanZ:lS faterials.
EXAMPLE 7 a\ggrl %)IA‘%&_PE u|t1(0:n er Cb%lggdr dlr urs)cglven r\}x;[ased OMJ,(E he for mul a

30{ Cuo9( SesBu was syn hesdi'Ze sin oW ng procedure.
In an mertreéﬁa&d)pmhmremnglpemaﬁqxo mL)Scahhedko éxmlaetthaﬁrodﬂtargladsmttdn 0.84 ¢

1.6 mmol ) of of Al (SesBu)3 and 0. 36 18

ot ) Tor BB s sy Tl Ve P RETP LA TR o xc ure was

st: rredl(ﬁt whleiGeled pdsdure. 0059Ig@b%)yE;deIOWo‘ﬂaizastob@nlewas ?gt ai ned. The |

sol vent was re r ed pr tan was used to

extract the prmg' H%ﬁg 074 g#ﬁ gﬁi’# rﬁ\ﬂg ﬁﬁn Jﬁérécﬁlgﬁntgbh afilter

((:gg%ﬂ af andﬁnilg ke \onlga(ﬁﬂ hg§gw%r(gr UARM @@goved 5unfle|r red:Jced pr?:ssgzle4 0H95 g
o ow oi |l was emental anal ysis

4.97. NI\/Ry (1H) 48.H9wp Byhig. 1P, fhsT@MO”his %BP(P&A)S poynmcmﬁt}rsors% (br) in

C606. TAR sBHAWN ttaJaSIFblgbegllﬂmngtda@boT@Psd Q' hhhhSa MFcBofﬁ't Aup@! yneric

precursor showed a transition gl nni ng at about 168 C, having a m dpoi nt
at about’ 2190CC, i@aﬁ‘i‘éméﬁmh‘?gt?é@ bdiie y@@i5f00he1|rh1@,sltgﬂinen’9@ 5p 3P @HE).8¥ ansi t i on

was 46. 5% (Wn%red%a theoretical yield for the formula Aglng;Alg3Se, of 47.9% (w/w). Thus,
the TGA showed that this polymeric precursor can be used to prepare Aglng;Alg3Ses
layers and materials, and can be used as a component to prepare other semiconductor

layers, crystals, and materials.

20 EXAMPLE 10

Preparation of monomer compounds

A monomer compound represented by the formula Ga(Se"Bu); was
synthesized using the following procedure.
To a 500-mL round bottom Schlenk flask in an inert atmosphere glove box
25  was added NaSe"Bu (28 g, 176 mmol) and THF (200 mL). The flask was then
transferred to a Schlenk line and a solution of GaCl; (10.3 g, 59 mmol) in 20 mL of
benzene was then added. The reaction mixture was stirred for 12 h and the volatiles
were removed under reduced pressure. The residue was extracted with toluene and
filtered. The volatiles from the filtrate were then removed under reduced pressure
30  leaving a colorless oil (23 g, 48 mmol, 83% yield).
NMR: (1H; C6D6): 0.85 (t, Jug = 7.2 Hz, 9 H, CH3); 1.40 (m, 6 H, -CH>-);
1.77 (m, 6 H, -CH;-); 3.03 (br s, 6 H, SeCH5-).
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conpared to a theoretical yield for the fornmula Cu09l n08A102Se2 of 45.6%
(ww) . Thus, the TGA showed that this polyneric precursor can be used to
prepare GNO2DNOBABY2Se2 | ayers and materials, and can beCUASAIQD4M57
conponent to prepare other sem conductor |ayers, crystals, and materials.
15EXAMPLE 8 An MPP- AAS pol yneric precursor represented by the formula

{ Ag( Se5Bu) 4A1} was synt hesi zed using the follow ng procedure. In an inert
at nosphere gl ovebox, a Schl enk tulpgwaschprged with 0.44 g (1.0 nmol ) of
Al (Se5Bu)3 and 0.24 g (1.0 nmol) of AgSesBu. Benzene (15 nl) was 20added,
and the reacti orf* FORQUF €oRaduNgrenreseted by ths femuls InGSe Bip: wak syp@iptizedr own

sol ution wag; ol ajN§dme gt vent was renoved under reduced pressure and
pentane (30 nml) was useéd to extract the product. The resulting solution was
filtered throughlos 00tmkround hettdnaSetenk\blain anarerigdmesphere glovehoved under

2581 oneri al  SHaTSLfh (698 SemEh. GAEBITEYSan 0. MIHEEMBE S - 7 6

Hz), 1.77 (Bhe ra®Hpn Burtite wab trAnsiftried tda 8él¢ninling k] stRreO8or(1h. AHp, 3. 76 (br,

4H) in C6D6. .. .. As.sho in Fig. 15 the TGA for, this. MPP- AAS pol yneric
precursor sHOWEH &7t Ry %Vgeugr‘llﬁu&eﬁée&él{?eda%%)sﬁ‘t‘re'lgée € HawA Sr?géa m dpoi nt

at about 196si@e wardliwoldediy hat toalbouinddRG@red. Theeolytiled filorh dre filtiee tve@nsi t i on was
41. 4% (W w), as conmpared to a 30 eoretical .yield for the fornula AgAlSe2
o 43, 9% (g e iE el ReRuiipl s SRR L ol phE A R sor can be
used t ol1(or eparfnaPghhdreLsoliayar grienchdsmk@ice@p®ssuttild GRmtdlg 18§69 as a
conponent to p{S%%re t her sem conductor |ayers, crystals, and materials.
EXAVPLE 9 MmolL YWP: Al AS pol yneric precursor represented by the formul a

{ Ag( SesBu) 41 n07ANA} (1Wa&cBYRDIES (1ZRE Us? AY, ¢ BeCHl | oM mwr-oegdure. In an

i nert atnosphere gl ovebox, a Schlenk tube was charged with 0.37 g (0.7
5mol ) of | @&7‘39%%1139%@(J6H§7r%~%4’)5PBfSefAHe-$esBu)3 and 0.24 g (1 0 mml)
of AgSesBu. Benzene (15 nL) was added, and the reaction m xture was stirred
at 25 Cfor 12 hr. A light brown sxlampiominas obtai ned. The sol vent was
renoved under reduced pressure and pentane (30 nl) was used %o,extract t he
product !> Thi s sa} BPRYRChRaRPeyndpenresgnieh Py thgiorsuts 2 4(8F Bramsay aheyzgdt he

vol ati |l es WaiR BURIERHEHEIYIremOVed

‘BuSeH (5.8 mmol) and Et;N (1.1 mL) were slowly added to a solution of
AgNO; (1.0 g, 5.8 mmol) in CH3CN (20 mL) at 0 °C. A colorless solution with light
yellow precipitate formed rapidly. The reaction mixture was allowed to warm to 25

20  °C and stirred for 12 h. The excess ‘BuSeH was removed under dynamic vacuum and

a grey solid was recovered. The solid was washed with CH3CN (2 x 100 mL) to
afford a grey solid (1.23 g, 87%).

NMR: (1H; CDCls): 1.73 (in presence of pyridine).

EXAMPLE 13
25 A range of polymeric molecular precursors shown in Table 2 were synthesized
in an inert atmosphere according to the following general procedure. A Schlenk tube
was charged in an inert atmosphere glovebox with M®(ER); and Cu(ER). A solvent,
typically toluene or benzene, was then added. The Schlenk tube was transferred to a
Schlenk line and the reaction mixture was stirred at 25 °C for 1 h. In some cases, the
30  reaction mixture was stirred at about 80 °C for up to 12 h. The solvent was removed
under reduced pressure and the product was extracted with pentane. The pentane

extract was filtered and the solvent was removed under reduced pressure to afford a
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Flg 17 shows results of methods for stoichiometric control of the composition

of a polymeric precursor embodiment (MPP) of this invention. The x-axis refers to

10

the weight percent of a particular atom, either Al, In or Ga, in the monomer

compounds used to prepare the polymeric precursor. The y-axis refers to the weight

percent of a particular atom in the precursor compound as synthesized, as determined

by the use of ICP. The straight line correlation observed in Fig. 17 for different

polymeric precursor compounds shows that the stoichiometry of the polymeric

15

precursor can be precisely controlled by the quantities of the monomers used to make

the polymeric precursors. The straight line correlation observed in Fig. 17 also shows

that methods of this disclosure can be used to make precursor compounds of any

arbitrary desired stoichiometry.

20

EXAMPLE 15

Polymeric precursor ink compositions

A polymeric precursor ink composition is prepared in a glovebox in an inert

atmosphere by dissolving the polymeric precursor of Example 1 in THF to a
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EXAMPLE 12 15A nonomer conpound represented by the formula Ag(Setl 3u) was
synt hesi zed using the foll ow ng procedure. 13uSeH (5.8 nmol ) and Et 3N
(1.1 nL) wonrenglios8y added to a solution of AgNGB (1.0 ®CTAISS010M0®4057 i N
CH3CN (20 nmL) at 0 C. A colorless solution with Iight yellow precipitate
formed rapidly. The reaction m xture was allowed to warmto 25 20 C and
stirred for 12 h. The excess 13uSeH was renoved under dynam ¢ vacuum and a
grey solid meen&@&&lvcﬁn@% (wakl)e a§d)z!tdd§h Lal Q6 kdlat R DY pper a6 100 L) to
afford a grey solid (1.2 l%l 1H;, CDC13): 1.73 (in presence of
pyri di ne) . ¥3aMpiEn)q3 25A range of pol yrrerl ¢ nol ecuI ar precursors shown in
Table 2 were synthesized in an inert atnosphere according to the foll ow ng
general procedure. A Schlenk tubepxasveh@iged in an inert atnosphere

gl ovebox with MB(ER)3 and Cu(ER) A sol vent typ| caIIy toluene or benzene,
was then added. Thiiisgastingdeppsition ofpelvimerie pice PIPOspsenk | ine and t he
reactions m Xt ur e, ¥asmsdhd ﬁrEc%qjsoﬂnk%ssp%efr&f bylmﬁmg tﬂe ﬁ&%erﬁqﬁ&%rs fbe 30
reaction m xture waS stirred at abou h. The sol vent was
r enoved und@wnmedhwéblqup@s@ﬁ:%@b/mrﬁmeerlprbamht)/menemtraamsebbrwth pent ane.

e pentanS g i 4 G0 00 DR ERA sder 1cdcec

yel | ow or angyengy folchmabd isﬂblﬁ)s'pesd)mhtmﬁ pie¢eartd ankchf ryolnintleMiogroatiad giad;s to being a
sem -solid, tq bein Yields of 90% wer e | cal. Table
2. Exanpl es™ ?trageolflﬂ%@?‘?r h’\?fleg Stbaii‘elélﬁ?@oaligﬁ(wqipﬁ?ﬂlﬁ? 8“%%‘& %r Precursor
Mat eri alo TaGReR SHACOiee (ShelalaC @Y Systems) in an inert atmosphere glove box, and

is allowed to sit for about 2 minutes, and placed in a pre-heated (300 °C) furnace for

30 minutes for conversion of the polymer to a CAIGAS material. This deposition

process (filter/deposit/convert) is repeated several times, and the final deposition and

conversion is followed by annealing in a furnace at 550 °C for 1 hour. The CAIGAS
15  film has a thickness of about 850 nm.

EXAMPLE 17

Rod coating deposition of polymeric precursor ink compositions

A polymeric precursor ink composition is prepared in a glovebox in an inert
atmosphere by dissolving the polymeric precursor of Example 2 in THF to a
20  concentration of 12% (w/w), and adding 0.1% (w/w) sodium relative to copper as
Naln(Se*Bu)s. The ink is rod coated onto a molybdenum-coated glass substrate using
a K CONTROL COATER MODEL 201 (R K Print-Coat Instr., Litlington, UK) in a
glovebox in an inert atmosphere.
The substrate is removed and is heated at a temperature of 350 °C in an inert
25  atmosphere. A thin film material is produced which is a photovoltaic absorber layer.

The final film thickness is 1 micron.

EXAMPLE 18

Dip coating deposition of polymeric precursor ink compositions

A polymeric precursor ink composition is prepared in a glovebox in an inert

30  atmosphere by dissolving the polymeric precursor of Example 3 in decane to a total
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| AgLOA1l. o( SesB041 Agl. OAl1l. 0Se2 41.4 43.2 | Agl. ol no. 7A10. 3( SesB041
Agl. 01110. 7A10. 3Se2 50.3 47.9 | Cu0. 9Ga0. 7A10. 3( SesBt) 3. 91

Cu0. 9Ga0.wWH20113523841. 0 42. 2 | Cui . 0A11l. O( SesB041 CulOAlPCOAS20188440539. 2
| Cuo. 5Ago. 51110. 7A10. 3( SesBt ) 41 Cu0. 5Ago. 51n0. 7Al 0. 3Se2 46.0 46. 3

concentration of 20% (w/w). The ink is dip coated onto an aluminum substrate in an
inert atmosphere.

The substrate is removed and is heated at a temperature of 340 °C in an inert
atmosphere A thin film material is produced which is a photovoltaic absorber layer.

5  The final film thickness is 2.5 micron.

EXAMPLE 19

Slot die coating deposition of polymeric precursor ink compositions

A polymeric precursor ink composition is prepared in a glovebox in an inert
atmosphere by dissolving the polymeric precursor of Example 4 in THF to a
10 concentration of 12% (w/w), and adding 0.1% (w/w) sodium relative to copper as
Naln(Se’Bu),s. The ink is slot die coated onto a Mo-coated glass substrate in an inert
atmosphere.
The substrate is removed and is heated at a temperature of 300 °C in an inert
atmosphere A thin film material is produced which is a photovoltaic absorber layer.

15  The final film thickness is 1.5 micron.

EXAMPLE 20

A polymeric precursor ink composition is prepared in a glovebox in an inert
atmosphere by dissolving the polymeric precursor of Example 5 in a toluene solution
at 20% (w/w). To this solution is added 0.05% (w/w) sodium relative to copper as

20  Naln(Se’Bu)s. The ink is slot die coated onto a molybdenum-coated stainless steel

substrate in an inert atmosphere.

The substrate is removed and is heated at a temperature of 380 °C in an inert
atmosphere A thin film material is produced which is a photovoltaic absorber layer.

The final film thickness is 2.0 micron.

25 EXAMPLE 21

Screen printing deposition of polymeric precursor ink compositions

A polymeric precursor ink composition is prepared in a glovebox in an inert
atmosphere by dissolving the polymeric precursor of Example 6 in decane to a total
concentration of 50% (w/w). The polymeric precursor ink is screen printed onto a

30  molybdenum-coated stainless steel substrate in an inert atmosphere.
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| Cuo. 7Ago. 251110. 3Ga0. 4A10. 3(SesM 3. 951 Cuo. 7Ago. 251n0. 3Gao. 4Al 0. 3Se2 41. 8
44.2 | Cuo. 91 no. 8A10. 2( SesBt) 3. 91 Cu0. 91n0. 8A10. 25e2 46.5 45.6 {Cu0.9 |
na5Ga0. 250021 &BsBu) 3. 9} Cu0.9 | n 0.5G a0. 25A10. 25S @RTAS2B 0444047

| Cuo. 5Ago. 4Gao. 5A10. 5( SesBu) 3. 91 Cu0. 5Ag0AGa0. 5A10.5Se2 43.0 43.4 5
EXAMPLE 14 Exanples of controlling the stoichionetry of materials

The substrate is removed and is heated at a temperature of 400 °C in an inert
atmosphere. A thin film material is produced which is a photovoltaic absorber layer.

The final film thickness is 2.8 micron.

EXAMPLE 22

5 Printing polymeric precursor ink compositions

A polymeric precursor ink is prepared by mixing the polymeric precursor of
Example 7 with xylene (1% polymer content, by weight) in an inert atmosphere glove
box. The ink is printed onto a molybdenum-coated stainless steel substrate using an
M3D Aerosol Jet Deposition System (Optomec, Albuquerque) in a glovebox in an
10 inert atmosphere.
The substrate is removed and is heated at a temperature of 375 °C in an inert
atmosphere. A thin film material is produced which is a photovoltaic absorber layer.

The final film thickness is 500 nm.

EXAMPLE 23

15 Spray pyrolysis deposition of polymeric precursor ink compositions

A polymeric precursor ink composition is prepared in a glovebox in an inert
atmosphere by dissolving the polymeric precursor of Example 1 in cyclohexanone to
a concentration of 5% (w/w), and adding 0.1% (w/w) sodium relative to copper as
Naln(Se’Bu)s. The ink is sprayed onto an aluminum substrate using a spray pyrolysis

20  unit in a glovebox in an inert atmosphere, the spray pyrolysis unit having an

ultrasonic nebulizer, precision flow meters for inert gas carrier, and a tubular quartz
reactor in a furnace.

The spray-coated substrate is heated at a temperature of 350 °C in an inert
atmosphere. A thin film material is produced which is a photovoltaic absorber layer.

25  The final film thickness is 2 micron.

EXAMPLE 24

Preparation of a solar cell

A solar cell is made by depositing an electrode layer on a polyethylene
terephthalate substrate.
30 A thin film material photovoltaic absorber layer is coated onto the electrode
layer according to the following procedure. A polymeric precursor ink composition is

prepared in a glovebox in an inert atmosphere by dissolving the polymeric precursor
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Fig. 17 shows results of nmethods for stoichionmetric control of the
conposition of a polyneric precursor enbodi nent (MPP) of this invention.
The x-axiwonrefi#ns238o 10 the wei ght percent of a parti culPer/ustamo44st her Al
In or Ga, in the nonomer conpounds used to prepare the polyneric precursor.
The y-axis refers to the weight percent of a particular atomin the
precursor conpound as synthesized, as determ ned by the use of ICP. The
strai ght |iyexaRpkaliatrieno RsRENEMioh Bf Fog (wiv, afn‘aradﬂh%f)@"/Wme ymeric
precursor conpounds shows that the stoichiometry of meric

15pr ecur sorSoga 1glatixg ©EORRIr s H@ﬁfﬁetﬁq)zedThBynli ih alopdia aedted g0 Mot he nonomer s
used t0 MaKealldg1ROLKIRAS f ARERAMRAD fere. IR SbIANO fonkhBEWRAL KA T ON
observed in Fig. 17 also shows that nethods of this disclosure can be used
to make predargurcrdonpbifLs mfanarvyt agmirivherar/y thireBiny wdtcsalas philereét ry. EXAVPLE
15 20Pol ymegye, Brgo U{oé(g'Eajé %gorgﬁj]%}%g QI film thickpess 2P0 X@S J,C,_Precursor ink
conposition is prepared in a glovebox 1n an I nert atnosphere by dissolving
t he pol yneric pﬁb6d$gmwowﬂ%Ex&mbhsnaimnmEHﬁmﬂmray@oﬁnEanmnmﬂhp@ﬁ 12%
(ww, and 1% ((w/ hum.rel ative to copper as Naln(SesBl.)4.
EXAMPLE 16 g@?ﬁegg f?ﬁd& éﬂ%%? |3ﬁ‘% ot %ynerlc precursor ink conpositions
5A polyneric precursor ink is prepared by m xi ng the polyneric precursor of
Exanple 1 with xylene (15% pol yner content, by weight) in an inert

at nosphere gl ove box. An aliquot (0.3 nL) of the ink solution is filtered
through a 0.2 | am PTFE syringe filter and is deposited onto a piece of 1
inch by 1 inch Mb-coated glass substrate in a raster fashion. The substrate
is spun at 1200 rpmfor 1 mnute using a 10G3P-8 Spin Coater (Specialty
Coating Systens) in an inert atnosphere glove box, and is allowed to sit
for about 2 mnutes, and placed in a pre-heated (300 C) furnace for 30

m nutes for conversion of the polynmer to a CAIGAS material. This deposition
process (filter/deposit/convert) is repeated several tines, and the final
deposition and conversion is followed by annealing in a furnace at 550 C
for 1 hour. The CAlI GAS 15fil mhas a thickness of about 850 nm EXAMPLE 17
Rod coating deposition of polyneric precursor ink conpositions A

pol ymeric precursor ink conmposition is prepared in a glovebox in an inert
at nosphere by dissolving the polymeric precursor of Exanple 2 in THF to a
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20 concentration of 12% (ww), and adding 0.1% (ww sodiumrelative to
copper as Naln(SesBu)4. The ink is rod coated onto a nol ybdenum coat ed

gl ass subsOnrati@imsgng a K CONTROL COATER MODEL 201 (R KPPTiuste1@oatost nstr.
Litlington, UK) in a glovebox in an inert atnosphere. The
substrate is renoved and is heated at a tenperature of 350 Cin an inert
25at mosphere. A thin filmmterial is produced which is a photovoltaic
absor ber | ayeraT ifeLAivmab 14:i | m t hi ckness is 1 mcron. EXAMPLE 18 Dip
coating deposition of polyneric precursor ink conp05|t|ons A

pol ymeric precursor ink conposition is prepared jn_a glovebox in an inert
30at nosphere by ! d|sséwme@wrh@ﬂwawyﬁﬁwﬁﬁﬂgﬁ@ﬁ%ﬁ% %l e 3 in decane

to a total ﬁm@%@n@}t Rre@ cal®i(WCWhr AZhacH BIR id B, Gh@mpa&cﬁ@ 9Bt 0 an
S

al um num substrate in _an inert atnosp here. The substrate is renoved
and i s heat¥doate and %hﬁ)’éﬂ%ﬂﬁe@ﬂbﬁe@m for pachppcyrisass rapmdaprsfle A thin film

meterial i s ofpieatniaiiud Sind RRALANSIA SrARSALRRL, | aver . SThe final

filmthickness 1s 2.5 m cron. Sl ot” di e coating deposition of

pol ymeric precursor |nk conposi tians yneric precursor ink
conposition is &repaFéﬁ“ﬁﬁxﬁnﬁPﬁﬂ%Eb&“mﬁféﬁmﬂhgﬁﬁmHPWﬁ§ﬁﬁ@F@»by di ssol vi ng
the polyneric precursor of Exanple 4 in THF to a 10 concentration of 12%

(Ww), and addirsg 0. T¥e omiphund eciiaim I, @hakinvieistselesigRper as Nal n(SesBu) 4. The
ink is slot die coated onto a Md-coated gl ass substrate in an inert

at nosphere. The subs e is enpv e d and
tammaUMeofém)de%WWﬁfﬁl EW&%?WWWW%S%%@k%alls

pr oduced mhAEhAS6r@KpthﬁM@$&&b@pabﬂorber | ayer. 15The final filmthickness
is 1.5 mcron. EXAMPLE 20 A pol yneric precursor ink conposition is

ot ecur sor of - Exanpl o 15 pird e Pia T SRR RSt eshid BRl SPHT s Lot ut on
i s added O.0Qbf014 MM&A@Q@E&[Q{(&@M@&((S{ &SR WIRRNN AR ffaNatonl $esfBoth4. The ink
's slot di eoclotaits rcci)mOOn‘;[ool the sum op lélmscfgat 890 IStzells! tncl) 503 ?tueglfrom 0.5

to 1.5, vis from 0.5 to 1.5, w is from 2 to 6, and R represents R groups, of which there

are w in number, which are independently selected from alkyl, aryl, heteroaryl,

alkenyl, amido, silyl, and inorganic and organic ligands.

6. The compound of claim 5, wherein x is from 0t0 0.5, yis fromOto 1, t
is from 0 to 1, the sum of y plus tis from O to 1, zis from O to 1, uis from 0.7 to 1.1,

v is from 0.9 to 1.2, and w is from 2 to 6.

7. The compound of claim 5, wherein x is from 010 0.3, yis fromOto 1, t
is from 0 to 1, the sum of y plus tis from O to 1, zis from O to 1, uis from 0.7 to 1.1,

vis 1, and wis from 3 to 5.

8. The compound of claim 5, wherein x is from 010 0.2, yis fromOto 1, t
is from 0.001 to 1, the sum of y plus t is from 0.001 to 1, z is from 0 to 1, u is from
0.7to 1.1, vis 1, and w is from 3.5 to 4.5.

9. The compound of claim 1, wherein the compound is deficient in a

Group 11 atom.

10.  The compound of claim 1, wherein the compound is an inorganic

polymer or coordination polymer.
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substrate in an inert atnosphere. The substrate is renoved and is
heated at a tenperature of 380 Cin an inert atnosphere Athin film

mat eri al wWe 2priadmsed whi ch is a photovoltai c absorber | agerus2iie@4fosnal film
thickness is 2.0 mcron. 25EXAMPLE 21 Screen printing deposition of

pol ymeric precursor ink conpositions A pol yneric precursor ink
conposition is prepared in a glovebox in an inert atnosphere by dissolving
the polyneric prigcur 8¢ c@hpdmi@RIAmO, WhedBGROGMRUA] khadr, eRaent ration of
50% (W w). The polyneric precursor ink is screen printed onto a

30mol ybdenuticboat emixuigiof sy the fergosghstrate in an inert atnosphere.

The substrate is renoved and is heated at a tenperature of 400 Cin an
inert atnospherego A triié Bodiidufidl BBIIAH BWhbSinRbeIR Geddspeh&hily Sel@tdahot ovol tai c
absorber layer. The final filmthickness is 2.8 mcron. EXAMPLE 22
5Printing plorsaskerrishesefivmér18mkydonposi ti ons A pol ymeric precursor
ink is prepared by m xing the polyneric precursor of Exanple 7 wth xyl ene
(1% pol ymer contignt, TRY cMP@RY df dImaN whbRn cadll RRSRIGEEIAIPVERAX. The ink
is printed onto a nol ybdenum coat ed stainless steel substrate using an M3D
Aer osol Jetforeash eruisheeslieném -C@¥Pbnec, Al buquerque) in a gl ovebox in an
10i nert at nosphere. The substrate is renoved and is heated at a

temperature of 345 CTh&ic@hbduR@bt clainDShBeMmeacktR ifinfepbhdeMiyBdl@tddal i s
produced which is a photovoltaic absorber |ayer. The final filmthickness

is 500 nm Exepresussneespm Gl gy si s deposition of pol ymeric precursor

i nk conpositions A polyneric precursor ink conposition is prepared
in a glovebox insan TAEEImEADSPAGMEl, Bhe@insael Riidigddpdedepoy yol®edde precur sor
of Exanpl e é i n.cycl ohex nopg to a concentration of 5% (ww), and adding
0.1% (w w) SbeachrPrgreate Vem{G!d8pér as Naln(SesBu)4. The ink is sprayed
onto an alum num substrate using a spray pyrolysis 20unit in a glovebox in
an inert atnosphere, Thhieomsguay opyaiol Iy sihsrelhdath Ravindgpeddently talasdni C

nebul i zer, rechion ro§/n?&?rslf?r inert gas carrier, and a tubul ar
quartz reacPbfach Qeqrepentip (Cl-2)alkyl* yhe " ghray-coated substrate is heated
at a tenperature of 350 Cin an inert atnosphere. Athin filmmterial is
produced whi ch i19. a phetamaluhdblclahsiomberinl thy&mpodbdRenbilaed fil m t hi ckness

iS 2 mcron,
S mero temperature below about 100 °C.

18. The compound of claim 1, further comprising three or more repeating

units {MP(ER)(ER)}.

19. The compound of claim 1, further comprising three or more repeating

units {M*(ER)(ER)}.

20. The compound of claim 1, further comprising the formula (AB),,
wherein A is the repeat unit {M*(ER)(ER)}, B is the repeat unit {MP(ER)(ER)}, n is
two or more, and R is independently selected, for each occurrence, from alkyl, aryl,

heteroaryl, alkenyl, amido, silyl, and inorganic and organic ligands.

21. The compound of claim 1, wherein the compound is an alternating

copolymer, a block copolymer, or a random copolymer.

22. The compound of claim 1, wherein the compound has any one of the
formulas: (RE),-BB(AB),, (RE),-B(AB),B, (RE),-B(AB),B(AB)y,, (RE),-(BA),BB,
(RE);-B(BA),B, (RE)-(BA).B(BA)wB, Y"“(AB),, Y"(BA)s, (RE),-(BB)(AABB),,
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EXAMPLE 24 Preparation of a solar cell A solar cell is nmade by
depositing an el ectrode |ayer on a polyethylene terephthal ate substrate.
30A t hin wplzmwatssi al photovol tai ¢ absorber | ayer is cearas2anoesoshe

el ectrode | ayer according to the follow ng procedure. A polyneric precursor
ink conposition is prepared in a glovebox in an inert atnosphere by

di ssol ving the pol yneric precursor of Exanple 1 in THF to a concentration
of 12% (w p{?jg i3 18 01 AL L HOREW- 1) (S0 At (RES,-tABQpPer as
hbln(SesBu?%EDT P IE(S:%t d|eM%%atedpg?{o:gfq%cogﬁedyg ass substrate in
an inert at@%@pKBAéB The substrate is renpved and is heated at a
tenperature of 300 Cin an inert atnosphere Athin filmmaterial is
produced 5which is a photovoltaic absorber layer. The final filmthickness
is 1.5 mcron A CdS window | ayer is deposited on the absorber |ayer.
An al um num doped O TCO | ay\er is deposited onto the wi ndow | ayer. VHAT

KR

'S CLAI MED | &: und conprising repeating units {MB(ER) (ER)}
and {NA(ER)( é@F\&%é Bn each MA is Cu or Ag, each MBis In, Ga or Al,
each Eis S ,~and R|is independently selected, for each

eteroaryl, al kenyl, amdo, silyl, and
i norgani ¢ an orgaR:c | i gandy. 2. The compound of claim1l, wherein
each E is sul N\ur sel eni u 3. The compound of claim1l, wherein E
is selenium 4 The conpound of claim 1, wherein the conpound is a
CAl GAS, Al GAS Jpor S precur or conp The conpound of cl aim
1, wherein th conp d has the enptiggal for

t)v(ISK zSez Ls fromOto 1, yis
s fromOto 1, zis

(Cui _xAgx).
ron1 unlof MPptus t
fromO to 1, |s 5429 déﬁ?oﬁng .5, wis from2 to 6,

occurrence, A\rom alj yI, R

ds |

fromO to 1,

and R repreSents R gEbups ofEmhlch there are I n /nunber, which are

i ndependent | y sel ect & fron1aRkyI het er oar y/f, aIkenyI am do, silyl,
and inorganic and organic |igands. 6. The c nﬂ%und of cla|n15
wherein x is fpomO to 0.5, y is fromOto 1, t ig fromO to 1, the sum of
y plust is frflom0O tg 1, z i frmnOtR 1, uispfromo0.7 to 11 v is from
0.9to 1.2, and MIIS ron1203§ 7. The?% ound of claimb5, wherein

X is fromO A( N@k/’ % 1, the sumof y plus t
is fromO to (1, Nﬂ K'fro %s fr 7tol.l, vis 1l and wis
from3 to 5. //’

R, I{

(XYY YY) ABIABZABS XX

(RE),-BB(AB")w(AB?), (RE),-BB(AB')W(AB?)n(AB'),,
(RE),-BB(AB")W(AB*)n(AB")y, (RE)>-BB(A'B)(A’B)m,
(RE)Z—BB(AlB)n(AzB)m(AlB)p, and a mixture of any of the foregoing, wherein A is
the repeat unit {M*(ER)(ER)}, B is the repeat unit {M®(ER)(ER)}, p is one or more,

n is one or more, and m is one or more.

23.  The compound of claim 1, wherein the compound has any one of the
repeat unit formulas: {Cug7Ago25(Se’Bu)s oslng 3GagsAlos},
{Gag sAlos(Se’Bu)s oCuosAgoa}, {CuosAgos(Se’Bu)alngsAly s},
{CuosIngsGag2sAlo2s(Se’Bu)z o}, {Cu(Se’Bu)sAl}, {Cugo(Se’Bu)z9GaorAlps},
{Cuoo(Se’Bu)solngsAlps}, {Ag(Se’Bu),AlY, {Ag(Se’Bu)ylngsAlys},
{Cuos5Ag05(Se’Bu)y(In,Ga,Al)}, {CugrAgo1(Se’Bu); sGagalng7Alg s},
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8. The compound of claim5, wherein x is fromO to 0.2, y is fromO to 1, t
is fromO0.001 to 1, the sumof y plust is from0.001 to 1, z is fromO to
1, uis fworeoOsod7138 1.1, v is 1, and wis from3.5 to 4PET/US2010/04857 The
conpound of claim1, wherein the conpound is deficient in a Goup 11 atom
10. The conpound of claim 1, wherein the conpound is an inorganic polyner
or coordination polynmer. WD 2011/017238PCT/ US2010/ 044057 11. The

conmpound of (] ai ), g]s,e 4@nqgarlA1t)pe{cg5)ng9§¢ggBh)§(rlllGggq)r} branched, cyclic, or a
m xt ure of any 0 onpound of claim 1,

wher ei n eactfRsA®. S(Sﬁd@b@ﬁdehlb $“§10®bl{5@0 edig fsrBunchaodeutberice, from
(Cl-8)al kyl Cuo sA 05(561%1)4(3-&93%(;7 oqu@u(pskg(o’\ @efﬁéissd\égg?_lﬂzAI]Oﬁ?aCh Ris

|ndependent y Se occurrence 14.
The corrpounﬂceﬁgd(lsaBni(SenBMbm@aAl)@@&u)ﬁ i s independently selected, for each

occurrence, @)Pq Ve 15. The conmpound of claim 1, wherein
each Ris |i1(g pg}%(g ﬁl’ %Exlggm r each occurrence, from (Cl- 3) al kyl .

16. hThe conﬁbumﬁsgmfo(SdBau)me BMﬁerhélans@laﬁsb(SE?Bu&}Jhndependen'éll yfse: ected, for
each occurr Clst The conmpound of claim1,
wherein the cdWgﬂﬁﬁél'ﬁgﬁimébwﬁ%%eréft’Jre bel ow about 100 C

18. tTh? I\/E?Enm( E%g?fo(gﬁﬁi?J(TSHBM)(fﬂdE(ﬂaEll’sAQ@i)GSPB@E}ng tlhrgae gr ][TDr?hrepeati ng
units claim1l1, further conprising
three or 1140838 ﬁerﬁsé‘)ld?ﬁet%% IW@?%%&QB% 20. The conpound of
claim1, fU{’@d’l&lAg@@(ﬂﬁ}d)ﬁﬂ(Mﬁ)hﬁo7t3@('fzimd@(SétBB)z},, wherein Ais the repeat unit
{MA( ER) (ER) Bis at _unjt {NB( nis tw or nore, and Ris
i ndependent 11@1 %‘@I%@é@% (%gr% i(é‘@ %S’éiﬁIYB )Eg%é%R;’rom al kyl, aryl, heteroaryl,
al kenyl , an{@slfagsA%bJowtsu)@;@tm@ﬁogmopAlamts%g@m ¢ |igands. 21. The
corrpound of claim1, wherein the conpound is an alternating copolyner, a

bl ock copol WPeﬁoAg@?fo(Sﬁ‘f)@n%%nwﬁﬁqlﬁé@)(s Bupi; 22, The conpound of claim 1,

wh h L PRI L RE) 2- BB( AB
e L AT g s gy (91,0800

( RE) 2- ( BA) " B{BAY B0 (Bﬂﬁh)ovGadz B ‘()F}E)Z ( BB) (AABB) "

(rE) 2 oo @E?&Agg@e b REBRIGELGANRE $BILAB) " (RE)2- [B(AB),
{Cuy, 60Ag0 40(Se'Bu)a(Ing sGag4Alp 1 )(Se'Bu)s};
{Cuo.50Ago.s0(Se'Bu)(Se"Bu)(Ing sGaosAlo1)(Se"Bu)};
{Cuo30Ago.65(SB)o.os(SBu)(Ing sGao4Alo1 )(SBu)z};
{Cuo30Ago.70(S'Bu)(S"Bu)(Ino4GaosAlo1)(S"Bu)z};
{Cuo.20Ag0.75(Se'Bu)o.os(Se"Bu)(Ino4GaosAlo1)(Se"Bu), };
{Cuo.20Ag0.50(SBu)(Se'Bu)(Ing 3Gao1Alo6)(Se'Bu)};
{Cuo.10Ag0.55(Se Bu)oos(SBu)(Ino3GaosAlo1)(SBu),}; and

{Cuo10Ag0.90(SeBu)a(Ing ,Gag 1Al 1 )(Se'Bu),}.

24.  An ink comprising one or more compounds according to any one of

claims 1-23 and one or more carriers.

25. The ink of claim 24, wherein the ink is a solution of the compounds in

an organic carrier.

26. The ink of claim 24, wherein the ink is a slurry or suspension of the

compounds in an organic carrier.

27. The ink of claim 24, further comprising a dopant or alkali dopant.
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EE MA "A/1BI MAnB2 \E/ EE  zEVE mAl 1,\4B 1nA2nB2 \ E/ EE ABI| AB2AB3
(RE)2-BB(AB1) " (AB2)", (RE)2-BB(ABl)"(AB2)"(ABl)p, (RE)2-BB(ABl).(AB2)(AB
1)p, (REwOBBOAMB33(A2B)"" (RE)2-BB(AlB)"(A2B)" (AlB)p, &nu/us20moxog4e52 of any
of the foregoing, wherein Ais the repeat unit {MA(ER)(ER)1, B is the
repeat unit {MB(ER)(ER)1, p is one or nore, nis one or nore, and mis one
or nore. 23.The conpound of claim1l, wherein the conpound has any one of

the repeat unit okor mh@mk of Cldfn ZA%@&&@@%%%&M&@Q@%&MO 3},
{Ga0. 5A10. 5( SesBu) 3. 9Cuo. 5Ago. 4 Ago. 5(SesBt)41n0. 7A10. 3} ,

{ Cuo. 91 n0. STHBIPEAMPPBdsaY H%Cytzpngﬁga liuneeqniaripy yopapgung, or a molybdenum-

{ Cuo. 9( SesBy)3; 1%3&11%{1 .3}, {Cuo. 9(SesBu) 3. 91 no. 8A10. 2} , {Ag(SesBu)4Al}
, 1 Ag(S esBu)4I no. /Al'o. 31 , {Cuo.5Ago. 5(SesBu) 4(In, Ga, A1) 1,

{Cuo. 7Ago. i ( SesBu) 3. 8Gao. 2I n0, 7A10. 1}, {Cuo, 8Ago. 2(SesBu) 4(1n, Ga, Al) 1,

{ Cuo. 2Ago. 8( SesBY) 4( I'he wk, AT 246 flisHeBNISEEIBNS CHBOBSPRBOBARO . 05 1,

LC110- 85A00 S8 30H) e 396801 SkABuAA skt LA BAG0 LSRR 31 no. 2
Alo.oi }, iCio.8Ago. 05(Ses

{ (Cu, Ag) ( SezBiy) @Q@g@gf]{lprma @1@1}({65@&591}629} a VISCOSIty modlﬁer an anti-

L0 A9 RIS U SRR Sl sy i

{ Cui . 30Ago. éxtnSerBufilm d¢r8itBugr amalhes@aomalco andb) dﬁt B1) 21
{Cui . 20Ago. i o(StBu)i.3(SnBu) (1 no. 80Gao. 15A10. 05) (SnB11) 21; {Cul.

| 0A Set Bu) i392(S
Pt S L e O Pl

{ Cuo. 90Ago. Selst B fiBM) thSanBuY{ 4 Pod®Gap PASALO SDBY (S@hBlye? Selenide, silver

o a%i00 4l Bk 000 AR AR S PRILP B i

{ Cuo. 25Ag0. AKHiSettBisplo.a0 B(k8EmBayth el %Gaso@m@ml@)@da&ammmm

{ Cuo. 20Ago. St Bu (S t Bu Q.. t.Bu).2d:. . .

{Gio: oengo. Sarakiih) SERKUAR, FRuRS g SRR Alyigq indium suifice

{ Cuo. 60Ago. 0ijBest Bui)d2 (ihdiom H¢Bme d ¢ AdDiuh)s( Belt) &a)l&in selenide, gallium telluride,

{ Cuo. 50Ago. 50( Set Bu (L.no. 4A10. SenBu) 21; .

Cuo. 30Ago. 6%‘8%%“@&5 21&“5 %P@Z? ?1?%851%0 ORI G ‘%’% §P%ifg‘ %%é“?de’ coppet

Cuo. 30Ago. 7t@ﬂlﬁIcBMh61§BcﬁlﬂhﬁllsﬂKﬁdé(ﬁ@(leﬁ%ﬂaﬁn 191én%de, Bib)yBdenum telluride, and

{ Cuo. 20Ago. 2{554 Sgl? %} @?géj?enBB) (1 no. 4Gao. 5A10. 1) ( SenBu) 21,

{ Cuo. 20Ago. ¥ Y5 ¥9874'83Gao. i Al 0. 0) (Set Bu) 21; {Cuo | oAgo 85(SetBu)0
95(StBu) (1 no 3Gao oAlo i)(StBu)2l; and {Cuo | o0Ago 90(SetBu)2(Ino 2Gao 2Al o
i) (SetBu)21 31, 2metAnd fonlnakiogp pieis@ compowid campesiggnpounds accor di ng

Gl o m 26, wher o PERETIETOOG L OO SR Erd Lol e Dt gani ¢
carrier.  and M*(ER); and
b) contacting the monomer compounds;
wherein M®! is In, M®? is Ga, M®? is AL, M*! is Cu, and M™ is Ag,each Eis S, Se, or
Te, and each R is independently selected, for each occurrence, from alkyl, aryl,

heteroaryl, alkenyl, amido, silyl, and inorganic and organic ligands.

32. The method of claim 31, wherein M*! and M*? are both Cu, or M*!
and M*? are both Ag.

33. The method of claim 31, wherein each E is sulfur or selenium.

34, The method of claim 31, wherein E is selenium.
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26. The ink of claim 24, wherein the ink is a slurry or suspension of the
conpounds in an organic carrier. 27.The ink of claim 24, further conprising
a dopant wo 2alikabizsdopant. WO 2011/ 017238PCT/ US2010/ 044@BT/udB010l0e405Nk oOf
claim 24, further conprising an additional indium containing conpound, an
addi tional galliumcontaining conpound, or a nolybdenum contai ni ng
conpound. 29.The ink of claim 24, further conprising one or nore conponents
sel ected fromthe grqﬁ@n@iho@oﬁaalﬁagt breindh MoaRLSARE CAAGARMHIGAS T er, an
anti-foam ng agent, a dryer, a ler, a resin binder, a thickener, a

vi scosity nﬂﬁlgﬁrpm%s%ﬁ@m@%néant a flow agent, a plasticizer, a
conductivity agent, a crystallization pronoter, an extender, a fi I m

condi tioner, an 3%dhe$h9fheﬁ>16@6p$lﬁfn3laﬁfﬁer@1ndﬂ@eon3p@uﬂ_d"1§ dbfter@fn £ERuP 24,

further conprising one or nore conponents selected fromthe group of a
conducti ng Yher, silver netal, silver selenide, silver sulfide, copper
nmetal, indiumnetal, gallium net aI zinc netal, an alkali netal, an al kali

metal salt, an abkal TReme@bd Bfﬂﬁhﬁjl §abrkin (e lﬁ&chnam&h@duﬁ@gﬁ@at e, a calcium
chal cogenat e, cadmium sul fide, cadm um sel enide, cadmumtelluride, indium

sul fi de, |n%n@me§&W%sOﬁc}?a?ﬁﬁfﬁgt&rqlﬁlll?gﬂél@“n%aﬂrlpflﬁtﬁﬁgsulf|de gal | i um
selenide, galliumtelluride, zinc sulfide, zinc selenide, zinc telluride,

copper sul fide, 3(80pp¢he ﬁl@ih@@bﬂﬁalnﬁﬂpﬂ/ﬁéreﬁl&hé maﬂdﬂm compatagesem sul fi de,
nol ybdenum sel eni de, ybdenum t el | ur and m xtures of any of the

f or egoi ng. @ftaﬁ\teﬁé&%fe@p@awer%fﬁwﬁgabgutpé%cﬂaﬁ%%houfcl&quu?fofr%ﬁtpﬂu hg:

a) providi ngp8neoesc.conpounds ML1(ER) 3, nmu2(ER)3, nmu3(ER)3, MER) and
MA2( ER); and b) contacting the nononer conpounds; wherein MBl is In,
MB2 is Ga, MB3 rSQAI MAL is Cu, and MA2 is Ag, each Eis S, Se, or Te, and
each R is i ndepefdentyProaruLnads byRgyossseMpERg Fariie meoBiSal kyl , aryl

heteroaryl, Mal(EgpyMBz@m oth3(§Rj mAl(mﬂaﬂdwng%g,l whabid NoT G §1°F isgands.
32. The mathodog Ialr;g1 wherein MA1 and are both Cu, or MAL and NMA2
are both AgG2.3% Fhal %twdal@\ﬂdm a}Srﬁmach\EhléSe%OéE%ﬁanRul% sul fur or

sel eni um  3gqd 5@&: QA £0f barh Bk é’éhﬁ&%' E Rek&RN Wik
2011/017238PCP3U82010/ 044057 “35 gﬂ(r%,”etaﬁgd of @?al n?nn§i wherein t he

conpound i saEd@AlGARd ipprgng: id @@Sla@ﬁ@cur sor conpound.
40. The compound of claim 39, wherein M*! and M*? are both Cu, or M*!
and M*? are both Ag.

41.  The compound of claim 39, wherein each E is sulfur or selenium.
42. The compound of claim 39, wherein E is selenium.

43.  The compound of claim 39, wherein the compound is a CAIGAS,
AIGAS or CIGAS precursor compound.

44. The compound of claim 39, wherein the compound has the empirical
formula (CuixAgy)u(Iny.y.GayAl)v((S1.Se,)R)yw, wherein x is from 0 to 1, y is from 0
to 1, tis from 0.001 to 1, the sum of y plus t is from 0.001 to 1, zis from O to 1, u is
from 0.5 to 1.5, v is from 0.5 to 1.5, w is from 2 to 6, and R represents R groups, of
which there are w in number, which are independently selected from alkyl, aryl,

heteroaryl, alkenyl, amido, silyl, and inorganic and organic ligands.
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36. The nethod of claim 31, wherein the conmpound is deficient in a Goup 11
atom 37. The nethod of claim31l, wherein the nononer conpounds are

cont act edwproa/qpr3gess of depositing, spraying, coatingPCOUSRPIIOEI08T.

38. The nethod of claim 31, wherein the nononer conpounds are contacted at

a tenperature of fromabout -60 C to about 100 C, or fromabout O Cto

about 200 C. 39. A conpound made by a process conprising reacting
nononers n31( ERk3, 'Tﬁgécﬁﬁ)o%nd Hﬁ@aﬁﬁ@ﬁwh%ﬁ@m ﬁ@l‘ﬁ VBB GER)s froMhgksei,n MBL s
In, MB2 is Ga, MB3 is , Cu MA2 is Ag, each Eis S, 'Se, or Te,

and R is |ntdéfremd)etmllt}aeéweéywstlﬁérioﬂéb@ﬁ ot BHC U i Fem0al iyl aryl

het eroaryl , algkaiwb « ﬁﬁ"aﬂ@wé&‘ﬂo}ﬁ'zto%nd i norgani c and organic |igands.

40. The conpound of cl'aim39, wherein MAL and MA2 are both Cu, or MAl and
MA2 are both Ag. 41. The conpound of claim 39, wherein each E is

sul fur or sel eni4fm The compoypd ofigkemcMdnyyBerpia xgs fremd 030y kR @fnLE i s
selenium s from 0431, thSurfk SFPPMDHis Fontd &1, RFronD &S BiuMs Frbﬁ ocpERound is a

CAl GAS, Al GAS or CI GAS precursor corrpound 44, The conpound of claim
39, wherei nVlSHeaI@dWﬁcfmm3 ha% the enpirical formula

(Cui _xAgx).(Ini_y tGyAt)v((S _zSez)R),, wherein x is fromO to 1, y is

fromO to 1, t isg erHégor%n&Qf&almhmewlﬁﬁ’%Qis ﬁ/onﬁ)b‘t@o@ 3J1§ﬁfofnqmoq 001 to 1,
zis fromOtol, uis fromO .5, vis fromO 1.5, wis from?2

to 6, and R égmé)st@rlt@eﬂugpﬁnp@st@ﬁrowﬁ@ri Fl*ﬁéf%nﬁlt(élawlfﬂ from&rﬁof@rl,l which are

i ndependent| ¥ 1sgl&¢tathnf §3% akkyl, aryl, heteroaryl, alkenyl, amdo, silyl,
and inorganic and organic |igands. WD 2011/017238PCT/ US2010/ 044057

45. The conpound of claim 44, wherein x is fromO to 0.5 is fromO to 1,
t is fromO to #8 thd %QRWRWHG}' il 3, Wherﬁmébﬁmtpeuqdwﬂeficsenmm 0tol, u
is fromO. 7gtQn 31 oy IS from0.9 to 1.2, and wis from2 to 6. 46.
The conpound o? claim44, wherein x is fromO to 0.3, yis fromOto 1, t
is fromO to 1, thesumofy us t is fromOtol, zis fromOtol, uis
from0.7 to 1.1,4 idh qcownﬂiapfféa%%wher%t@ compound i ISHI?IHO@%%‘Cconpound of

cl ai mi4, %ﬁhgogcé&dlggtg)mpgl +0.2, yis fromOtol t is fromO to 1,
the sumof y plus t is rom tol zis fromOto 1l uis from0.7 to 1.1,

vis 1, andW|sfrom3 48. The conpound of clai m 39,
wherei n the conp8und P%C‘B%Hoiuéil @ﬁﬁlalmrﬁ%\’v@rela;shwn@@ is linear, branghed, The

conpound ofcy@h@lomggxtum%@(;ftﬁmre%&qgound is an inorganic polyner or
coordi nati on pol ymer e conpound of claim39, wherein the

conmpound i s Ilnear br anched, clic a m xtur f any of the foregoing.
51. The compoundlof dhafimRsynd aﬁréﬁl@i%% @B@Wﬂ@@ﬁd&@ﬁ@}mﬁlﬂ%ﬁcw ected, for
each occur r@neRh ofdudithdeCod kel K)llky 52. The conpound of cl ai m 39,
wherein each R is independently seI ‘ected, for each occurrence, from
(Cl-6)al kyl . 52. The compound of claim 39, wherein each R is independently selected,

for each occurrence, from (C1-6)alkyl.

53. The compound of claim 39, wherein each R is independently selected,

for each occurrence, from (C1-4)alkyl.

54, The compound of claim 39, wherein each R is independently selected,

for each occurrence, from (C1-3)alkyl.

55. The compound of claim 39, wherein each R is independently selected,

for each occurrence, from (C1-2)alkyl.

56.  The compound of claim 39, wherein the compound is an oil at a

temperature below about 100 °C.
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53. The conpound of claim 39, wherein each Ris independently selected, for
each occurrence, from (Cl-4)al kyl . 54. The conpound of claim 39,
wher ei n ewsiol0R/(13238ndependent | y sel ect ed, for each occuPCEUSe)10f0nmST
(C1-3)al kyl . 55. The conpound of claim 39, wherein each Ris

i ndependently sel ected, for each occurrence, from (Cl-2)alkyl. 56.
The conmpound of claim 39, wherein the conpound is an oil at a tenperature
bel ow about 100 5G. V@h@@é‘xﬂﬁogﬁg3%ng9mwo%ﬁ9§gthree or morél%peaTlt\lE conpound
of claim39, further conprising three or nore repeating units {MB(ER) (ER)}.
58. The conpdand GHRERIm 39, further conprising three or nore repeating
units {MA(ER) (ER)}. 59. The conpound of claim 39, further conprising
the formula (AB)sR, WIGE 8idbotind 6f dd18 J9eR@AEr déRipkisih MM &R (R depeddn S t he
repeat unit {W(ggﬁ%%ﬁ}; nis tw or nore, and R is independently

sel ected, f¥HtseNcEREERRBrence, fromalkyl, aryl, heteroaryl, alkenyl,

am do, si | yl, and inorganic and organic |igands. 60. The conpound of
claim 39, wher eis, t hﬁ”h@@d’fﬂ%ﬂ&jofc§a1ﬁ1rB9afufrtﬁéMhipﬂ§1n§9@QJ)rYﬂﬁW(AEﬁn bl ock
copol ymer, or a random copol yne he co und of claim 39,

wherei n t heVhsstp duin dherersabpyt %éEB}(EBHer%ﬂlﬁmpa%t unjt ﬁ%&&)n is

(RE) 2- B( AB)t% o(rﬁrl%}e’- ﬁ(ﬁ@m&fx@l@ently {RE)ed: B BEureit) ﬁorﬁ@%ﬁ
(RE)2- (BA)"B(BA) "B, cYclic(AB)n, cYclic(BA)n, (RE)2-(BB)(AABB)

( RE) 2- ( BB) (Ima@®yyl( alb‘)nyl amiio) silyf, B}l(lm&%)lw(aey pysmyic ligg@ds) 2- [ B( AB)f,
(RE) 2-[ (BA) "BI, 62. R IER\ER I

60.  The compound of claim 39, wherem the compound is an alternating

copolymer, a block copolymer, or a random copolymer.

61.  The compound of claim 39, wherein the compound has any one of the
formulas: (RE),-BB(AB),, (RE),-B(AB).B, (RE),-B(AB).B(AB)p, (RE),-(BA),BB,
(RE),-B(BA),B, (RE)-(BA)B(BA)WB, “““(AB),, *"(BA),, (RE),-(BB)YAABB),,
(RE)-(BB)(AABB)n(AB)m, (RE):-(B)(AABB)n(B)(AB)m, (RE):-[B(AB),],
(RE)>-[(BA).B]

B
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(XYY YY) ABIABZABS XX

(RE),-BB(AB")w(AB?), (RE),-BB(AB')W(AB?)n(AB'),,
(RE),-BB(AB")W(AB*)n(AB")y, (RE)>-BB(A'B)(A’B)m,
(RE)Z—BB(AlB)n(AzB)m(AlB)p, and a mixture of any of the foregoing, wherein A is
the repeat unit {M*(ER)(ER)}, B is the repeat unit {M®(ER)(ER)}, p is one or more,

n is one or more, and m is one or more.

62.  The compound of claim 39, wherein the compound has any one of the
repeat unit formulas: {Cuo7Ago.25(Se’Bu)s oslng 3Gag4Alos},
{GagsAlos(Se’Bu)s oCuosAgoa}, {CuosAgos(Se’Bu)alng Alos},
{CuooIngsGag2sAlo25(Se’Bu)s o}, {Cu(Se’Bu)sAl}, {Cuoo(Se’Bu)soGagrAlos},
{Cuoo(Se’Bu)solngsAlps}, {Ag(Se’Bu),AlY, {Ag(Se’Bu)ylngsAlys},
{CuosAgos(Se’Bu)s(In,Ga,Al)}, {Cug7Ag01(Se’Bu)s sGagalng7Aly s},
{CuosAgo2(Se’Bu)s(In,Ga,Al)}, {CugrAgos(Se’Bu)s(In,Ga,Al)},
{Cuo5Agos(Se’Bu)sGagasingsAloost, {CuossAgo1(Se’Bu)s osGagisIngsAlo s},
{Cuo5Agos(Se’Bu)sGagslng s Aloor}, {CuosAgoos(Se’Bu)s ssGagslngsAloa},
{(Cu,Ag)(Se'Bu)(Sc"Bu)(In,Ga,Al)(Se"Bu),},
{(Cu,Ag)(S'Bu)(SPr)(In,Ga,Al)(SPr),},
{Cup.40Ag0.10(Se'Bu)1.5(Se"Bu)(Ino7Gao2sAlo.os )(Se"Bu)} ;

{Cup.30Ag0.10(S'Bu)1 4(SBu)(Ino.s5Gao.1Alo.os)(SBu)z};
{Cu1.20Ag0.10(SBu)1 3(S"Bu)(Ing.s0Gao. 15Alo.0s)(S"Bu)a};
{Cur.10Ago.10(Se'Bu)1 2(Se"Bu)(Ing.7sGao20Alo0s)(Se"Bu)o };
{Cuy.05Ag0.05(SBu)1.1(Se'Bu)(Ing 7Gag2Alg 1 )(Se'Bu),},
{Cuo90Ago.10(Se'Bu)(Se"Bu)(Ing.7Gao2sAloos)(Se"Bu)} ;
{Cuo.s5Ag0.10(SB)o.os(SBu)(Ing.ssGao1Aloos)(SBu)o} ;
{Cuo.80Ag0.20(SBu)(S"Bu)(Ing s0Gao15Al0.05)(S"Bu)a };
{Cuo.75A8020(Se'Bu)oos(Se"Bu)(Ino.15Gao 20Alo.05)(Se"Bu)a};
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ABI AB2AB3 (RE)2-BB (AB 1)"(AB2)"" (RE)2-BB (AB 1)"(AB2)(ABl)p, (RE)2-BB (AB
1)n(AB2)ni (AB 1)p, (RE)2-BB(A1B)n(A2B)ni, (RE)2-BB(AlB)"(A2B)n, (AlB)p, and
a m xturewof20am1738 t he foregoing, wherein A is the repeal/useén/o44057
{MA(ER)(ER)}, B is the repeat unit {MB(ER)(ER)}, p is one or nore, n is one
or nore, and mis one or nore. 62. The conpound of claim 39, wherein the
conpound has any one of the repeat unit formulas:

{Cuo. 7Ago. 2 B, 3 ® S4AKD. B! 0. 5A10. 5( SesBu) 3. 9Cuo. 5Ago. 4} ,
{ Cuo. 5Ago. 5%?208%! i@n%.g%ﬂ@g}%&g%e BofR

( ) o q | N0. 5Gao. 25A10. 25( SesBu) 3. 9} ,
{ Cu( SesBu) 4.5 AZh. 08 Byose 8 By)(BuogdzaoA s A(DBBY}:, { Cuo. 9( SesBt) 3. 91 no. 8A10. 2},

Ag( SesBu) 4 I 4 Y( { Cua5Ago. 5(SesBu) 4(1n, Ga, Al) },
E ogjf) 7Ago? i (SRYAS %@%@@ﬁ%@%%@ﬁ%@% ’{Cua8Agg. 2( (Ses Bu) 11( |( n, Ga, Al) %}
{ Cuo. 2Ago. 8{BesBE) H(ScMBuBas RY)(Jno sG{ehhsKodBBE SesBu) 4Ga0. 451 no. 5Al 0. 05},

| Ctio.85Ago,d. SagB 5Gag; | 7A10 { CuasAgo. 5( SesBu) 4Gam no. 7
O R o T R e T T Y A
{ (Cu, Ag) ( Set®Bu)dgenBHNIHBGINATI SnBE BY), |

Cu, A St Tr Ak Pr)21 n )

Eg:ui .48)Aéo. %{@%gg% §§f%€%§§%)3§’ﬁ%.a?-é“é%-})%ﬁ‘t??}%) (SenBl) 21 ;
{ Cui . 30Ag0. KO HABH 3 Bi()SteBu) (1,n623BGawsSd Bi)g; 05) ( St B1) 21 ;

Cui . 20Ago. St.B 0. 80Gap. 0, 05)(SnB11)21 ; {Cul.
{10A:g;o. 10?gegcgl(ﬁ-)OiA.gg%sé&%‘%5?%3?%5‘?@%@@&@%@%)3&21'n B1) )21; {
CULO5AG0. 05(CSio Bikksh. oo(SeBaid,Bu) Adanfh 1/ G BAHL0. 1) (S etBu)2 1 ,

{ Cuo. 90Ago. 10( Set Bu) ( SenBu) (1 no. 7Ga0. 25A10. 05) ( SenBu) 21;

{ Cuo. 85Ago. 10( S%Et )0.,95 Sc}lBu |.no. 85Gao. 1A10. OSES(lStEy) 21 Hine ¢

{ CuasoAgo. 20( St BY) ( SABUHTHOTEEEES i AARYC Gk S §Mks according to any
{ Cuo. 75Ag0. e (cBelaibis) 03O&pSateBohtolarabstiatea0. 20A10. 05) ( SenBu) 21,

{ Cuo. 20Ago. 30( St Bu) (Set Bu) (1 no. 2Gao. 2Al 0. i) ( Set Bu) 21;

Cuo. 05Ago. 30( Set,Bu) 6, 955t Bu). (| 3N 0 1 )(St&)2L: |
{ Glo. 00Ago. 4o( Sty 311 RS BERG T, N iyt fU6ke by spraying

{ Cuo. 50Ago. HySettBig) {pEenBpdition sirGanrdipdi€ plipige aBeentintingitkjé30Ago. 65

(StBt)0.95(StBu) (lno.5Gao. 4A10.1)(StBt)2 .: . .

Cuo. 30Ago. 71?5”{‘@{‘%&?“(0%?1‘ PEFRE H’éﬂ%&%&é& Plip@p. gayp printing, transfer

E%o. gOAgO.%ﬁ(tigg,tﬂB;ﬂbeintﬁé( )E?@@u);gib @ﬁntﬁ@@@ra@)&&griﬂi)r(gﬁgmﬁlﬁ %antinig, 85(S 0
0. 20Ago. 8o( St Bu).(Set Bu) (| na. 0.1 A o. tBu)21; {Cuo | oAgo 85( Set Bu

95( St Bu) (| %V%%lnaé&ahqrwlﬁ%&y@f@mm xaeffatﬁ?@;@\%?a@é%g&% 2(Ino 2Gao 2Al o

1) ('Set Bu) 21electrodepositifd cle®odtini Cd1 & 116 REPF1atHeNBatd B oGifionTRbAing ORROUNS  or i nks

according to anypone of clainms 1-30 deposited onto a substrate. 64.

The arti cl ec98fing FRIP AY63% knHe FertineTREC gePBei Tof feping. YHE 99'1%pr ayi ng, spray
coating, SphayriheBOsihE, I 1BYireSROANP¥HAaSdodsind Tiil dBDhsitiSkERAoPT | NTi NG,
inkjet printing, aerosol jet printing, ink printing, jet printing, stanp
printing, teansfiay layerhiayey depaatioprSoHxGaping. falwion Graipei «@d sepinitivgs gravure
printing, Qﬁ%h?%fm@hh%hh@g, reverse printing, thermal printing,

| it hography, el ectrophotographic printing, electrodepositing,

el ectroplating, electroless plating, bath deposition, coating, wet coating,
spin coating, kiPfe dbatiiplgof elaim &} whemin thysubsise soalestebfiiomhst di e coating,
meyerbar  coghingha seiRofidcffta ERRd itBeon8fitid Lilkoh, SRl Benidd qui d deposi ti on,
sol ution deposition, layer-by-layer depositfion, Spin casting, solution
casting, andswWanisigiass.raelgbdshum glasopilic¢iedipgdy diangm dioxide, zingHxidThe articl e of
claim 63, Whel &g SRSt hakGol S G iR LR 1950 URa A
seniconduc&%%% a H%%eéage%%c%n§86t6§?&§§+?bd%,lg%ﬂ?f%%ﬁa#%gn#ﬁg,

i nsul at or s, ceghmsehromphy belehurpppdragdljuns ighldc lpad, diapgindes, molytbderivom di oxi de,
zinc oxide, .gili .nitride al,, .a f oi | I enum al um num
peryl 11 um B Ebhrid i AeBb oo Br e el BRI gol ar T ead,
manganese, smhyoolgimutitanioing ku@pstenp aint, aditurympd @ttelralloy, arthaaisdivider hodi um
silver, stainless.steel,. steel, .iron, strontium ¢ti titani u t ungst en,
i ne. 7i T coRR B R R bl ™S FByic S eoaithe colhmea PPE de. 2

pol ymer, a gtmish pelycthyle@nchdphithalete, pqlojyrEibonade, @ PRLYEres polgespolijtnar bl end, a
pol yet hyl ene tere Gth te, a pol rbonate, a polyester, ol.yester film
O ytar o BAEs oPRy i Bt e §onR e aEne P dbEtes by SuPGRlES | ne.  a
pol yet heri m de, a pol yethersul fone, a pol yetherketone, a polyinde, a

pol yvi nyl chl oride, an acrylonitrile butadi ene styrene polyner, a silicone,
an epoxy, paper, coated paper, and coWBinations of any of the forgoing.

66. The article of claim®63, wherein the substrate is a shaped substrate
including a tube, a cylinder, a roller, arod, a pin, a shaft, a plane, a
pl ate, a blade, a vane, a curved surface or a spheroid. 67. A nethod for
meking an article, the method conprising: (a) providing one or nore

o v o o o e o a ~ ~ o



69. The nethod of claim67, wherein substrate is selected fromthe group of
a sem conductor, a doped sem conductor, silicon, gallium arsenide,

i nsul at orwP 2g1128%238nol ybdenum gl ass, silicon di oxi de, tiPCaMiSamm0di4m%7 de,
zinc oxide, silicon nitride, a nmetal, a netal foil, nolybdenum alum num
beryllium cadm um cerium chromum cobalt, copper, gallium gold, |ead,
manganese, nol ybdenum nickel, palladium platinum rhenium rhodium
silver, stajpligSfratBR, ap§try@tﬁ&rketbﬁ@a hﬁla@tdw mtylcmonhé tdﬁm um tungsten,
zinc, zirconium a netal | oy, a l'i Ci a netal carbide, a

pol ymer, a 3sndetiirie blaade%lﬁdty&nw@lyg@wmoneaartwéy;mmf cogteg orered bl end, a
pol yet hyl en&n{b%{agg&td}%flgﬁhe ﬁ)ré}gﬁ%/car bonate, a polyester, a polyester fil m
a nylar, a ponV|ny fluori de yvi nyl i dene fluori de, a pol yet hyl ene, a
pol yet heri m de, a pol ﬁet her sul fone a pol zet her ket one, pol yi m de, a

pol yyi nyl chl ori §&; adhawiigieghrlein 93 whete ‘*eﬁ’é’s%‘%t?‘fséﬁéapﬁéﬁm?te a silicone,
an epoxy, Pafgdin E%E%F’cyﬁlﬂ@é?raroﬁ&daFo‘ani’bﬁa&éh‘aﬁsaﬁgnea%laféfaBlQ&‘e fdorgm ng.
70. The net hod o% claim67, wherein st (c) i's repeate . The
met hod of cYaap.rm@ped pufacher a gbaiord- si ng heatl ng the substrate at a
tenperature of fromabout 100C to about 400C to convert the conpounds or
inks to a materigl . A method f%gmaﬂ_ngaM@l@dth@fne@lb@-béﬂqﬁ‘?sm further conprising
heating the substrate at a tenperature of from about 1(§OC to about 400C to
convert the conpdlrieddiag oraegnarecemprands aranks apesirdipguacdinypne efpddims ng st ep

(c). 1- E The nethod of claim67, further conprising annealing the
materi al by heating the substrate at a tenperature of from about 300C to
about 650C. (b) pravidinThsubstsethipdof ¢l ai m 67, further conprising heating

t he substrate at(c)adetz A %ﬁﬁ‘éé&ﬁooﬁﬂds Orr% thqﬁesqlpsqgtto about 400C to convert

t he conpounds or a materi al, annealing the material by heating
the substrate at a tenperature of from about 300C to about 650C. 75.
The net hod of clo8i m e methed hbglaimonpwheemdghtdenpiimg i Henodylsetayeike at a

t enper at ure onpounds or
inks to a rﬁog?{g %b%’;&selp tltﬁl)ogi %Iﬁeﬁ@g ﬁ%m g)glg& n?)%? e{ﬁﬁ%{ﬁ? nﬂ%% substrat e,
and anneal |mgltlng,elexmdzlecrtlpahtntg/1ﬂkQEmt1n@J¢tmenmgbsam1apéntmg aarlsénperat ure of

from about S’r%?gg, p%d?ggi)t s %0 fap%nﬁgrmtl g h%n o%ta%IeIg I{[l%%m 67, further

conpri sing ‘e of from about
100C to abaletzerélEQﬁﬁitlhg thaanmvlq:vrmtmg]élt}mgraphymwetmphotogiza@hlbcpnatnrmt erial;

(e) depositin he .conmppund i.nks 0.th ate; . (f)

opeat | ng. St getcty SRR i SRR G RO Bkt 1 by

heat i ng t hecoatilis kpinteatiag, lﬁlfbemgabl]kt‘reoﬂfngfrl‘oﬁm)aiiﬁgu;ﬂotﬁiﬂﬁﬁaﬁrfg about 650C. WD
2011/ 017238PCT/ US2010/ Q44057 77. The hod .of ..cl.aim 67, t.her conpri sing:

(d) heat i ng™EY¥FEP2E EREPE- APt cqatngnise u“roé“?ﬁ’ hﬂ‘?lgﬁ?%‘élﬁf‘ 208" t o about 400C

to convert ddpesiGTRGEHIISIapd: defdsBiohQspeh daBHR! dodltion casting, ah@ Lor@biRg&ahk Ng t he
sem conduct or %Tgrl al by heating the substrate at a tenperature of from
about 300C 3muBbiE fBsHes and (f) repeating steps (c), (d) and (e).
78. The nethod of any one of clainms 67-77, further conprising an optional

step of sel eni za®i onTaE methbll bf ¢1Zidt 47D Wher€intshigutrateal @leRted dieki thg gip af t er any
step of heatfI a s%mlconcij}lré‘po?%LI C{Opgd semiconductor, silicon, gallium arsenide, insulators,

glass, molybdenum glass, silicon dioxide, titanium dioxide, zinc oxide, silicon nitride,

a metal, a metal foil, molybdenum, aluminum, beryllium, cadmium, cerium,

chromium, cobalt, copper, gallium, gold, lead, manganese, molybdenum, nickel,

palladium, platinum, rhenium, rhodium, silver, stainless steel, steel, iron, strontium,

tin, titanium, tungsten, zinc, zirconium, a metal alloy, a metal silicide, a metal carbide,

a polymer, a plastic, a conductive polymer, a copolymer, a polymer blend, a

polyethylene terephthalate, a polycarbonate, a polyester, a polyester film, a mylar, a

polyvinyl fluoride, polyvinylidene fluoride, a polyethylene, a polyetherimide, a
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79. An article nade by the nmethod of any one of clains 67-77. 80.A

phot ovol tai ¢ devi ce made by the nethod of any one of clains 67-77. 81.A
mat eri al wawbngivise enpirical fornula PCT/US2010/044057

(Cui _xAgx).(Ini_y tGayAt)v(Si _zSez)," where x is fromO to 1, y is fromO
to 1, t is fromO0.001 to 1, the sumof y plus t is from0.001 to 1, z is
fromOto 1, uis from0.5to 1.5 vis fromO0.5to 1.5 and wis from1l to
3. 82. The nmigfitcalulfofe, ﬁb@l&&héﬂetoﬂgﬁﬁb@ ﬂmde 'aspofy"vﬁlmcgloh@e Qn Bery¥onitdlef rom 0 to
1, t is from0.001 to 0.5, z is from 1, uis from?oO ]¥ to 1.1, vis
from 0.9 t douadiene spEpngpplymey, @ riligors, %rbepzxn pa% cpated peicerepél  of cl ai m 81,
wherein X |c%dbq&qbl%gfgn)00§heyoréogngrom0 tol1l, t is from0.001 to 0.3, z is
fromO0.5to 1, uis fromOoO T 1, VIS 1 and wis from1l.8 to 2. 4.

84. The material of cIa|n181 is fromOto 1, t is from
0.001 to 1, the um dhe ?eﬁpﬂlgf‘tlalﬂ@ﬁf‘@?ﬁem St?@ic)tl%)remeat%l is from0 to 1, uis
from0.5to 1.5, vis from0.5to 1.5 and wis from1l to 3. 85.The

material of clai7m 81;rhwheihed bf dikig Tak@ihbdonipSisidg S&#h € ARAUSkRHe-at 6. The
material of claim81l, wherein the material is in the formof a thin film

VO 2011/ 0179mBPetirssombosd87C wrabapt 490t o BT ghF EoRROMNEEOT d¥M i si ng t he
mat eri al of,; gpyrigne of clains 81-86. 88. A nethod for nmaking a material
conpri si ng, (a) provi di ng one or nore conpounds or i nks according to
any one of clains roviding a substrate (c)

b
depositing the Janpoffh?jgle@Pd P%%élmZmp Birihgiecogippsing a%aémgaﬁc?ubstrate ata

temperature of from about 100°C to about 400°C to convert the compounds or inks to

a material, followed by repeating step (c).

73.  The method of claim 67, further comprising annealing the material by

heating the substrate at a temperature of from about 300°C to about 650°C.

74. The method of claim 67, further comprising heating the substrate at a
temperature of from about 100°C to about 400°C to convert the compounds or inks to
a material, and annealing the material by heating the substrate at a temperature of

from about 300°C to about 650°C.

75.  The method of claim 67, further comprising heating the substrate at a
temperature of from about 100°C to about 400°C to convert the compounds or inks to
a material, depositing the compounds or inks onto the substrate, and annealing the
material by heating the substrate at a temperature of from about 300°C to about

650°C.

76.  The method of claim 67, further comprising:

(d) heating the substrate at a temperature of from about 100°C to about 400°C
to convert the compounds or inks to a material;

(e) depositing the compounds or inks onto the substrate;

(f) repeating steps (d) and (e); and

(g) annealing the material by heating the substrate at a temperature of from

about 300°C to about 650°C.
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(d) heating the substrate at a tenperature of fromabout 20 C to about 650
Cin an inert atnosphere, thereby producing a naterial having a thickness
of from OWOQd11tm72880 mi croneters. 89. The nethod of cl ai MCRIS2ev0ouesT t he
substrate is heated at a tenperature of fromabout 100 C to about 550 C, or
from about 200 C to about 400 C. 90. The nethod of claim88, wherein the
depositing is done by spraying, spray coating, spray deposition, spray
pyrolysis, printing, Tﬁ&ﬁl‘é@lﬂd Bf {ifxkd Mfudh%oﬁipn@ihg nting, aerosol jet
printing, ink printing, printing, stanp rlntlng@transfer printing,

pad printing, fl(é)&?gfrlwm @lbptrqt%%tuaﬁgnp@?twmf &oprabagti 1IRGC edheddP0%r i nti ng,
reverse priQthf b &nPlinRIor 'ﬂ{kb (710N mbﬂeﬁaﬁ‘)gr aphy, el ectrophot ographic
printing, electrodepositing, electroplating, electroless plating, bath
deposi tion, coat(Prigncaheg ﬂ@@almcmgiuct@pmﬁte@dé;b’lhﬁgtmgﬁhﬁ fubstiprattiong, rol | er

coati ng, rogmﬁ NP frosd é%toup%o@ @%?b N%soRY:RE bar coating, |lip direct
coating, capiftlary coating, Ti1qul 8ep05|t|on sol ution deposition,

| ayer - by-| ayer d8pershtingoeps 6Qi(d) algtl. ng, sol ution casting, and conbi nations
of any of the forgoing. 91. The nethod of claim88, wherein the substrate is
selected fromt gr i 1 Qr silicon,
gal I'i um ar seni dg% i ngtl?%’tg%Pg?ﬁﬁ’??gg?ﬁﬂ%ﬁggégz ﬂﬁﬂﬁggéﬁm&%}%}lﬁ%gﬁom de,
titani um diop deglemiation oxiud@yizagiohi aber befare.iddeng eraﬂet aly,steq ofrbeating f oi |,

nol ybdenum Imgil%a %m beryllium cadm um cerium chrom um cobalt, copper,
gal l'ium go? manganese, nol ybdenum nickel, palladium pl ati num
rhenium rhodium silver, stainless steel, steel, i ron, strontium tin,
titanium tungst’@n, Anmeticleinadedyyithemethodrefaal oa¢ piogima6heéfal silicide, a
netal carbide, a polyner, a plastic, a conductive polyner, a copolyner, a
pol ymer bl end, ~gqpol )&e[sh%ydveﬁlﬁc &%&%@a@@% %qnet%dmlaxf&{etmmlﬁs ¢R7pol yester,

a pol yester f| Im a nylar, a polyvinyl tluoride, polyvinylidene fluoride, a
pol yet hyl ene, a pol yet heri mi de, a pol yet hersul fone, a pol yet herketone, a
pol yi mi de, a pol&vi n@lféﬁFWﬁlH\éng@ﬁel&‘éFWWﬁW‘W | e but adi ene styrene pol yner,
a silicone,@&n, @é)?g{ﬂpy @%EA%BV(Sl S’@} Qh&@&%frorﬁ‘@% ‘P%J”&'@&‘ﬂaﬁltd ®nst Rfroany of the

f or goi ng. claim 88, further conprising an optional
step of sel%@ﬁlztathﬂiﬁsw 0§nplﬂ1@|r18£@m ®e01 téllthk@rfroﬁe@@r]eulﬁiﬁ@mﬁé tég Safter steps
(c) or (d). v1sfrom0590315-5|ﬂ&wﬁ§§‘118 tgf claim 88, wherein the material is a
sem conduct or. The net of claim 88, wherein the material is
in the formof a thin fllm. 95. A material‘ made by the nmethod of any one of
clai ms 88-94. 9&2A plbe Boisriplafclaged]. @@le@@rﬁpﬁifsqm]éwao pratiefom 0 tidde by t he
met hod of a0y ANLoATo 6l52% MErdB0.9% 1, s Aol Mol 1, PidBEEHIoab 1TaLRI Y 2

process conpri sing, (a) prOV|d|ng one or ‘nore compounds or inks
accor di ng tisfiamyl.dwe2.bf cl ai ns 1- 30; (b) providing a substrate;
(c) depositing the conpounds or inks onto the substrate; and (d)

heating the subsgrat ehahaRriliIRTRRIARH veheRlin £ [sABRORIS.3,30s Foln® BROUt 650 C in
an inert atmosphere, thereby producing a thin filmmaterial having a

thi ckness o TORGHIN. 1003, b foD0. e Fonefiend. 7 to L1, vis 1, and wis from 1.8 to
24.

34. The material of claim 81, where x is 1, y is from 0 to 1, t is from 0.001
to 1, the sum of y plus tis from 0.001 to 1, z is from 0 to 1, uis from 0.5 to 1.5, v is

from 0.5 to 1.5, and w is from 1 to 3.
85. The material of claim 81, wherein the material is a semiconductor.

86. The material of claim 81, wherein the material is in the form of a thin

film.
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98. The thin filmmaterial of claim97, wherein the substrate is heating at
a tenperature of fromabout 100 C to about 550 C, or fromabout 200 Cto
about 400wQ20091Ti38 thin filmmterial of claim97, wherernseée/od®pdsiting
is done by spraying, spray coating, spray deposition, spray pyrolysis,
printing, screen printing, inkjet printing, aerosol jet printing, ink
printing, jet printing, stanp printing, transfer printing, pad printing,

f1 exographic prignti ngy GrRMHESIPINREICDRpriGRhacatcRhll JTahGne JrRMERSE
printing, thermal printing, |ithography, electrophotographic printing,

el ectrodeposlitd-ng, electroplating, electroless plating, bath deposition,
coating, wet coating, spin coating, knife coating, roller coating, rod
coating, slot digg coathfifled FEMEKIRAE nfaR@hi d¥ehpriking, dlrect coating, capillary
coating, |iquid deposition, solution dep05|t|on yer-by I%%§&>dep05|t|on
spin casting, SEPUTPHHNE QR R STEPUBKIT AR iaeteEding oy oBg of for goi ng
100. The thjgyfil mmaterial of claim97, wherein the substrate is selected
fromthe group of a semiconductor, a doped sem conductor, silicon, gallium
ar seni de, |nsulébbWQWd@Ea§§EUW©Jybdenun1gIass silicon dioxide, titanium
dioxide, zinc oxdgoodidelifiObuilohfidsdfinkd ofBiR sundrafEhig foil, ol ybdenum

al um num berylllunF adm mum ‘cerium chromum cobalt, copper, gallium
gol d, |ead, nangﬁé)ri@seng th®$15bbfajcé¢1@tmtempflr¢<teﬂe of fratl 9@dut@ﬁ]°Cpb altqun6df) °G- heni um
rhodi um s Jyer . 3t.a) PhES S ghE S og Rl el P Ruild QREATYe fifo gh L ant um
tungsten, zinc, zirco

car bi de, a tpodb§mierometepl astic, a conductlve polyner, a copolyner, a pol yner
bl end, a ponetherne terepht hal ate, a pol ycarbonate, a pol yester, a
polyester film Lrﬁ%mel%o&’gké@{lh{%' L&Eﬁtheds%fa o 1¥Kéa@éﬁ' tge”e fluoride, a
pol yet hyl ene, a pon errm ersu ?one yetherketone a
pol yi m de, tamp@hWHuﬁyhmhﬂmnuU@°Cammanm§ﬂbﬁlDrﬁ@eabunadiﬁhen$bmrene pol yner,
a silicone, AR CEPOXY, paper, coat ed paper, and conbi nations of any of the
f or goi ng. 101. The thin filmmterial of claim97, the process
further conprising an optional step of selenization or sulfurization,
ei t her before, dﬂrin@honwémdefd@né%$W©@?moheQmﬂmﬁmgisdmthszymgphotovoItaic
absor ber t hi e I 97-101.

103. A phg§S§3%%%?l Srr Bgﬁ%%%gﬁglém& M?ﬁn%ﬁ%§g9&3 {gf# ﬁ%? any one of

cl ai ns 97- 1ff¥inting, acrosol jét@)ﬂlntni-g ptkgtrioting, uapnnm@ombppnmmgg 'm:glsfehe enpi ri cal
formul a (Cui X, is fromOtol, yis

om0 § it by bl BpReghis bR ERFE Pyt B (e pRebEom 0 1o 1 ) | o

fromO to ].r,evd.tsd Iﬁrm‘ilhgm]neﬁ)mfbl Iirmtlﬂ,g,%xhdgrapﬁy,fereﬁmlﬂloﬁ)gfa@hﬂ: pBEntignd wis from1 to

3. hot ovo |c a sor er of wherein x is from?oO
Co 0.5, y i qriobiRs Ut e b T negb Bt Bobgton CPRBE Bets o 1 o 1s
from 0.7 t ocobtidg, spin bSating AmifO céating, rdlick coing, \vd icSating Wdt Hickob@hg?. 4. 106.
The photovol taic absorber of cla|n1104 wherein x is from0O to 0.3, y is
fromO to 1MeYragceaiingly diysqt cogng, eapillany @%%H% fepogition, sglufign ¢ r om 077 to
1.1, vis ldepﬁd?ﬁlonvvlabf& By Q%rheﬁbshfén?spﬂl casting, sol@t@ﬁcasﬂlg a@ﬁ@@rﬁMﬁMoﬁbC absor ber
of claim 104, wherein X is from?O 0. 2, from 1, t is fromO0.001
to 0.2, z i anyehihofmeding1, u is from0.7 to 1.1, v is 1 and wis from2.0
to 2.4. 108. A photovoltaic device conprising t he photovoltaic

absorber of any gne ghe mktbdsf dfifr &)Kherein the sub@fhte fs@¥ctdderorh e provi di ng
el ectrical power_ conprising a photovoltalc devi ce according to claim108.

110. A net hFEUE ofr2 ssmiseneéicty aedaped sambcandpdotetilicdngliwn Agenids ng a

phot ovol t ai ﬁsuié{&’s egﬂs@ciﬁ&%lgﬂeﬂlﬂntgﬁssc Ligbdn E09dd GG RAVEDLiAL, I-8Rxidat 0 el ectri cal
ener gy. maki ng a photovol tai c absorber |ayer on a

substrate d@#wnmgﬂﬁganwmlawn@dﬁb@ﬂ@vﬂokﬁ@ndﬁ%n@umﬂ%mﬁh@@nﬁémhms or inks
accordi ng t&rlaﬁlly &ﬁmﬁf( c&dagséo‘g?é'r %@hum old, leﬁ@haﬂgﬁl\ééed hBQJbae@HPSt rate;

(c) depositing f e conpoun to the subBstrate;
nickel, palladium, platinum, rhenium, rhodium, silver, stainless steel, steel iron,

strontium, tin, titanium, tungsten, zingc, zirconium, a metal alloy, a metal silicide, a

metal carbide, a polymer, a plastic, a conductive polymer, a copolymer, a polymer
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(d) heating the substrate at a tenperature of from about 100 C to about 650
Cin an inert atnosphere, thereby producing a photovoltaic absorber |ayer
havi ng a wbi2ekimagssof from 0.001 to 100 m croneters. PCT/UK2@0/044987 et hod
of claim 111, wherein the substrate is heating at a tenperature of from
about 100 C to about 550 C, or from about 200 C to about 400 C. 113.
The nmethod of claim 111, wherein the depositing is done by spraying, spray

coati ng, SﬂﬁaﬁiQE@@@&}%&%emﬁMﬁﬁMe&ﬁ%ﬁk%%b&neB@b@%h&gapéﬁ&%ﬁﬂhﬂ%!ntlng,
inkjet printing, aerosol E'Intln ink printing, jet printing, stanp
d

printing, tmalﬂgﬁ@plyissmvhfﬂq%lge pelyainyHdane iMgyides ﬂé&hﬁ@hﬁm @p@wthﬁtrmﬁge gravure
printing, C@ﬁﬁlf&ﬁere%f'oﬁ@ b NBlyeth lé@tBﬁeeaBBlEyHﬁlh@Q PO y‘(bﬁ{yggionﬁé gt i ng,

| it hography, ect rophot ographi c printing, 'el'ectrodepositing,
el ectropl at acmgonlmlee@ttérdmneg@rqybaolwmr abémned@rpmm,lp@wr et pagr. apdt coati ng,

spin coathgmmﬁﬂhgﬁ“gg LA £k 1ﬁ r coating, rod coating, slot die coating,
nmeyer bar coati ng, irect c ng, capillary coating, I|qU|d deposi tion,

sol ution deposition, |ayer-by- Iayer deposi tion, spin castin sol ution
casting, and coﬁﬁlnaﬂh®ﬁﬁﬂ©ﬁ0éﬂyﬂﬁﬁ ﬁm@mﬂ@ﬁ@@mngwlmﬁwnﬂsﬁm . The net hod of

claim 111, éM%ﬁfz%@O&rgﬁfﬁ%&M rbé‘oée&&ﬁ%%gaffterrgﬁéﬁ {8501%19”'0 of a

seni conductor sem conduct or con, m-ar seni de,
insulators, glass, nDbeden qlass silicon dioxide, titanium dioxide,
zinc oxide, sili%on mh¢ meded ofcleimsf whercingheynaterigliis a septisapdeateim  al uni num
beryllium cadm um cerium chromum cobalt, copper, gallium gold, |ead,

nmanganese, nol yldenumhe Riehk&bs c1ad dgadhétein (Rl @R infINSBHH BT a hhOdi UM
silver, stainless steel, steel, iron, strontium tin, titanium tungsten,

zinc, zircoWum a metal alloy, a metal silicide, a netal carbide, a
polymer, a plastic, a conductive polynmer, a copolyner, a polyner blend, a

pol yet hyl ene t erggpht hahat@al nAdOBY 16 MBI Bny ShePPLMBRI®94. @ pol yester film
a nylar, a polyvinyl fluoride, ponV|nyI|dene fluoride, a polyethylene a

pol yet heri m de, pol yet her sul f one, et her ket o
Do et ot e o 8. Por oS hEtk ¥R sopabee EhacurThensy sh Bt .08 | 2 one.
an epoxy, pﬁﬁ@heoggﬁhgggpaper and conbi nati ons of any of the for90|ng
115. The nethod of claim 111 further conprising an optional step of
sel eni zati on or U|fﬁﬂ¥831'0nt bef or e, durln% or after steps (c) or
(d). 116.” Bpfﬁi?l QY%%W%??@?W%“H‘photovoltaic absor ber
| ayer made by thg) p"f@stlmﬁgi o oraiyte BREpdhdCdrank¥Bcdbtdind by one of claims
1-30;

(b) providing a substrate;

(c) depositing the compounds or inks onto the substrate; and

(d) heating the substrate at a temperature of from about 20 °C to about 650 °C

in an inert atmosphere, thereby producing a thin film material having a thickness of

from 0.001 to 100 micrometers.

98. The thin film material of claim 97, wherein the substrate is heating at a
temperature of from about 100 °C to about 550 °C, or from about 200 °C to about
400 °C.

99.  The thin film material of claim 97, wherein the depositing is done by
spraying, spray coating, spray deposition, spray pyrolysis, printing, screen printing,
inkjet printing, aerosol jet printing, ink printing, jet printing, stamp printing, transfer
printing, pad printing, flexographic printing, gravure printing, contact printing,

reverse printing, thermal printing, lithography, electrophotographic printing,
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electrodepositing, electroplating, electroless plating, bath deposition, coating, wet
coating, spin coating, knife coating, roller coating, rod coating, slot die coating,
meyerbar coating, lip direct coating, capillary coating, liquid deposition, solution
deposition, layer-by-layer deposition, spin casting, solution casting, and combinations

of any of the forgoing.

100. The thin film material of claim 97, wherein the substrate is sclected
from the group of a semiconductor, a doped semiconductor, silicon, gallium arsenide,
insulators, glass, molybdenum glass, silicon dioxide, titanium dioxide, zinc oxide,
silicon nitride, a metal, a metal foil, molybdenum, aluminum, beryllium, cadmium,
cerium, chromium, cobalt, copper, gallium, gold, lead, manganese, molybdenum,
nickel, palladium, platinum, rhenium, rhodium, silver, stainless steel, steel, iron,
strontium, tin, titanium, tungsten, zingc, zirconium, a metal alloy, a metal silicide, a
metal carbide, a polymer, a plastic, a conductive polymer, a copolymer, a polymer
blend, a polyethylene terephthalate, a polycarbonate, a polyester, a polyester film, a
mylar, a polyvinyl fluoride, polyvinylidene fluoride, a polyethylene, a polyetherimide,
a polyethersulfone, a polyetherketone, a polyimide, a polyvinylchloride, an
acrylonitrile butadiene styrene polymer, a silicone, an epoxy, paper, coated paper, and

combinations of any of the forgoing.

101.  The thin film material of claim 97, the process further comprising an

optional step of selenization or sulfurization, either before, during or after steps (c) or

(d).

102. A photovoltaic absorber made with a thin film material of any one of

claims 97-101.

103. A photovoltaic device comprising a thin film material of any one of

claims 97-101.

104. A photovoltaic absorber having the empirical formula
(CuixAg)u(Iniy-(GayAl)y(Si--Se,)w, where x is from 0 to 1, y is from 0 to 1, t is from
0.001 to 1, the sum of y plus tis from O to 1, zis from 0 to 1, u is from 0.5 to 1.5, v is

from 0.5 to 1.5, and w is from 1 to 3.
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105. The photovoltaic absorber of claim 104, wherein x is from 0 to 0.5, y is
from 0 to 1, tis from 0.001 t0 0.5, z is from 0.5 to 1, u is from 0.7 to 1.1, v is from 0.9
to 1.1, and w is from 1.8 to 2.4.

106.  The photovoltaic absorber of claim 104, wherein x is from 0 to 0.3, y is
from 0 to 1, tis from 0.001 t0 0.3, zis from 0.7 to 1, uis from0.7to 1.1, vis 1, and w

is from 1.8 to 2.4.

107.  The photovoltaic absorber of claim 104, wherein x is from 0 to 0.2, y is
from 0 to 1, tis from 0.001 t0 0.2, zis from 0.8 to 1, uis from0.7to 1.1, vis 1, and w

is from 2.0 to 2.4.

108. A photovoltaic device comprising the photovoltaic absorber of any one

of claims 104-107.

109. A system for providing electrical power comprising a photovoltaic

device according to claim 108.

110. A method for providing electrical power comprising using a

photovoltaic system according to claim 109 to convert light into electrical energy.

111. A method for making a photovoltaic absorber layer on a substrate
comprising,

(a) providing one or more compounds or inks according to any one of claims
1-30;

(b) providing a substrate;

(c) depositing the compounds or inks onto the substrate; and

(d) heating the substrate at a temperature of from about 100 °C to about
650 °C in an inert atmosphere, thereby producing a photovoltaic absorber layer

having a thickness of from 0.001 to 100 micrometers.

112.  The method of claim 111, wherein the substrate is heating at a
temperature of from about 100 °C to about 550 °C, or from about 200 °C to about
400 °C.

113. The method of claim 111, wherein the depositing is done by spraying,

spray coating, spray deposition, spray pyrolysis, printing, screen printing, inkjet
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printing, aerosol jet printing, ink printing, jet printing, stamp printing, transfer
printing, pad printing, flexographic printing, gravure printing, contact printing,
reverse printing, thermal printing, lithography, electrophotographic printing,
electrodepositing, electroplating, electroless plating, bath deposition, coating, wet
coating, spin coating, knife coating, roller coating, rod coating, slot die coating,
meyerbar coating, lip direct coating, capillary coating, liquid deposition, solution
deposition, layer-by-layer deposition, spin casting, solution casting, and combinations

of any of the forgoing.

114. The method of claim 111, wherein the substrate is selected from the
group of a semiconductor, a doped semiconductor, silicon, gallium arsenide,
insulators, glass, molybdenum glass, silicon dioxide, titanium dioxide, zinc oxide,
silicon nitride, a metal, a metal foil, molybdenum, aluminum, beryllium, cadmium,
cerium, chromium, cobalt, copper, gallium, gold, lead, manganese, molybdenum,
nickel, palladium, platinum, rhenium, rhodium, silver, stainless steel, steel, iron,
strontium, tin, titanium, tungsten, zingc, zirconium, a metal alloy, a metal silicide, a
metal carbide, a polymer, a plastic, a conductive polymer, a copolymer, a polymer
blend, a polyethylene terephthalate, a polycarbonate, a polyester, a polyester film, a
mylar, a polyvinyl fluoride, polyvinylidene fluoride, a polyethylene, a polyetherimide,
a polyethersulfone, a polyetherketone, a polyimide, a polyvinylchloride, an
acrylonitrile butadiene styrene polymer, a silicone, an epoxy, paper, coated paper, and

combinations of any of the forgoing.

115. The method of claim 111, further comprising an optional step of

selenization or sulfurization, either before, during or after steps (c) or (d).

116. A photovoltaic device comprising a photovoltaic absorber layer made

by the method of any one of claims 111-115.
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