POLYMERI C PRECURSORS FOR CI'S AND CI GS PHOTO VOLTAI CS TECHNI CAL FI ELD Thi s
invention relates to conpounds and conpositions used to prepare

5seni condwotori/amséopt oel ectroni ¢ materi al s and devi cespcmalsaaiongioshi n film
and band gap materials. This invention provides a range of conpounds,
conpositions, materials and nethods directed ultimately toward photovoltaic
applications and other sem conductor materials, as well as devices and
systens for energy conversion, including solar cells. In particular, this
invention rel atred YMERRYPREQURSEORSEHR A3 £QDRIGR¢s1carly 0Bt £IGRI s f or
prepari ng sem conductor materials. BACKGROUND The devel opnent of

phot ovol tai ¢ devi ces such as solar cells is inportant for providing a
renewabl e source of energy and MBOYNOCAKEFIEIS®S. The demand for power is
ever-rising as the human popul ation increases. In many geographic areas,
solar 15 cells be the only way to nmeet the.demand for power. The total
oner gy 11 om sol At RGRICT g HGTRSoe T SaPPREF Tola’ RSuleis abour 4x1020
joules. t dascopd@torasd bpedledrohizatat@ng dadeviak idcdidalg thialfam .@dbirgy i S as
much energy as is@rs%‘.worldmﬁde for an eqtirgﬁrﬁar. Thus, billions of
square met ¥ O {10fSdRYCNEY] RiPvide 3 rapgaAl cRTPtndy: chEPERdEd.

20Phot ovol t@hteridlemdaR&hdk Qirfasulya@lytawirg biotefolRicApBIRatSnsiald wiabich | ayers
of sem conducting material are created on a substrate. Layers of additional

material s arBWERFU YT Pet VT HE ISHETHO P QeI | ayers and to
conduct el ei‘ﬁ&lﬁ!iiﬁ@kol@rrb‘é‘ﬂgyln?lhlﬂtic&lﬁr, tHeindavibE RlatdkN fovel PRcisf ul ness of an

opt oel ectroni c or solar ce product is in general |limted by the nature
and qualQ t yeosprotnls apd Betsiiale fofipEcrpiagategicon mMEgfiafseo produce a sol ar cel |
product involves depositing a thin, |light- absorbing, solid |ayer of the

mat eri al copper indium gallium dipgatreordentknown as "CIGS," on a substrate.
A solar cell having a thin filmC GS | ayer can provide | ow to noderate

efficiency for nver sion of sunlight to electricity, .The Cl | ayer can be
made by ot ocess G R aREIAt FLBP Ao Brp b s Ve Ter et o

sources 30 gontaLRirE@whHE s@lr@ ot ch@edadl thaty Jldskes! Mho@mM@halfor foveS materi al s
are conpl ex, having ma possi bl e solid phases. For exanple, sone nethods

I n .
for solar CEFYETRME agfhsbuparponuiption Gicrepsss o Hy Migysgeogapiig aige7so0ly 976, 614,

6,518, 086, &uéafy BOthe onk Q@aé’tgﬁféet tile dehPind fof powe The 3 enblepfroPRbRAt _
Publ i cati on_ No. 2009/02%05 8, and PCT Internatjonal plication Publication

Nos. WD2008asy mppngingionthe gotioiesagdiousiyrkoutiad” gpelae it bds bsyugstmatedust be

formed or dgRQRL hEhor &td REEr dnRrby\d AURLdEnQEy 8Sis @sdlwdrtifabde thfar? thi N,
uniformlayer on the substrate.” For exanpl &, deposition of the CIGS sources

can be doneensite ¥eag ollepalpry dnquagr metsrs f pfiicientstolap cdedryisies wokbe The
difficulties.yiqgh these approaches include |ack of uniformty of the CGS
| ayers, such as the appearance of different solid phases, inperfections in
cryst al 24 ne par thhologglfaid @vordss nedabks yargndoigrdressediofvduthslayans othe | ayers. A

s gni f I cant seglﬁc%ghl?c%% ﬁla{eﬁ?]}.lairp &Q%t‘lxi &}/ gu@stga?fg %aﬁlers to?a(i%lrit?o%ialﬁ;ﬁ!ltgria(fsp a{}g rol the
stoi chionetric ratios o e netal atons I'n e layers. ny sem conduct or
and opt oel ectd enircteaplipd phoaiyblns searienkdugdi 1yy ctheqne ndenmtlua rlct thiealreatigps  of

certain netak P&OF%JJ] he qpteéial. VVtQpaH:dirﬁgt cqphrol guer t hose
st oi chi omet Vit &" MEEFELS: Thity Reisglulngss of BRRQCISHRME SR SRt S PEHYCdbPoel ect r oni ¢
mat eri al s agecraf lidied B3IBe eftire ahdqialignd theghstovoltaic layers.
25 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 provide low to

moderate efficiency for conversion of sunlight to electricity. The CIGS layer can be

made by processing at relatively high temperatures several elemental sources

30  containing the atoms needed for CIGS. In general, CIGS materials are complex,

having many possible solid phases.



successful in achieving desired conpositions and properties. For exanple,
no nolecule is currently known that can be used al one, w thout other
conmpoundswotelweaassl y prepare a | ayer from which C GS neCgnisadis/oefosany
arbitrary stoichionmetry can be made. Conpounds or conpositions that can
fulfill this goal have |ong been 20needed. A further difficulty is
the need to heat the substrate to high tenperatures to finish the film

This can cause uyanhek, gl&ﬁee&aﬁoamrsto@aeawa@e &M@ﬁﬂu@@@&y%gal
transformati on of the Ia ers. nperatures nay also |limt the nature

of the subst-+E:®7t hato, @é}n6 BES, Qﬁéeg“q;%ﬂ“ exahte/. 174, 6775 7&@%?@2@1M ® to nake
thin T11m phole¥alicaddn }3@'2@(19?62380% and ﬂ)@hgérﬁatﬁ)ﬂgsz&ﬂpﬁ&ﬁloﬁll*ﬁt‘hc%ﬁorfa pol ymer

or plastic that can be fornmed into a ro for processing and installation
on a bui | diNg FOBBHIH &drEOLKIO3I MGl ymer substrates may not be

conpat e th conduct or

ayers. Prepari meoChos P R oD e of DR e g S e | s
an |nportanMagaahmﬁ@rmonbMJmnﬁgmﬂamemwmbsﬂsmMarFQW@mgyeahdndemeﬁoplng new
30gener at | Oﬂs ?(fi ecets Ea?n boepc{Oh%?s! r(?e 51{1 na{) Cf atrﬁlilltls ?p ?el%om{l n, I’ﬁlt hods for

| ar ge scal e ranut AeTGF A sof'ar Cells can be
difficult bﬁﬁﬁuhmswﬁhﬂhe:@mﬁmﬂeahmpme&eksémnﬁmmm&vemeCRHSQ@ﬁﬁmaﬂ1 | ar ge

scal e processes for sol ctabl e use of the difficulty

o contr ol | TG waErBe s SRERR LS Bt RSP A o BB Rt Ve i 1

f or m ngi@n wﬁ&@@ﬁ@@rmhaMefdﬁ&n§hnﬁ@m&@squal|ty on a substrate, as well as

form ng the other ers r U|r make an efficjent soI r ceII and
BB rILBE Py e

provi de el ectrica iy theyaBility W seaaraldg Prelsel¥ Sapie conposi ti ons

and pr ocess@Siciom@rioehice oMt BkiaPhtdmé B th@RPEOVahyRictnié AURIST an@s pecially thin
filmlayers for sol ar cell deV|ces and 5ot her products. BRI EF SUMVARY

Thi s i nvent SR&eFISSHERIE arpdicatinnp aighihly deppislsas qn.tb%atw%ﬁtcgﬁfvap@taéﬁamﬁet hods for

preparing SgRiCARERa! rigotitteBRbeidabs: e smhlion@%wqeﬁ&elbr%@ésge@m c devices
and photovoltaic |ayers. Anong other t i s disclosure provides

precur sbY P@ﬂﬁﬁp@éﬁnﬁ§ﬁﬁﬁ@1@6%%%@?@F@W§”$g@“ﬁﬁwpﬁﬁsé@@wﬁ§mﬁéﬁéenlconductors
such as forgpOQtEMRkLLALENS &X@é&on@gélﬁ(’;m%ﬁb bpaies. Ahefanthteso The

conpounds and conpositions of di sclosure are stable and advant ageousl y
al | ow cont roplegfle Eﬁérr@ﬁlalk@hwmﬁ@tqa’y beusedtéongwithput erhertremperidsdnduct or s,

particularly, df}gqhgﬁeaaj I P \?ﬂl'éﬂ Elld’saﬁlht%%uct o? §to{%fnoH§{r§c qventi on,

chemcally an sically uniformsem con S can be” prepared mnth
t he pol yrrerbe(:mgiee@lor@omnds onmmmd@o@ebmcmbédﬁlh‘ém@oal have longbeen | n further
enbodlngpts | ar cells and other products can be made in processes
operating a re atively |l ow tenperatures with the conpounds and
20conpositions of fmﬂhersmﬂicsh:}} Bshermeed to heat the %armﬂoymtempepatarm tsor conpounds

and conposi s di scl osure r enhance ocessability for
ol ar col | PrOHaEEn St S TP 0t B8 B S B TANa ety of
substrates ﬂrmfoudatng opﬂieyexyefss Hagh fe@battuns |n)ay|aﬁwlﬂhﬁ1rmeﬁz&ﬁﬂd oeéthe The
advant ages OVId the c oungé, t|on terials of 25
this invent$gﬁmFH: %h@u%ﬂo?%§%W? dipggg?geéﬁﬁlg?ﬁ ggﬁ?gﬁﬂ%ﬂ%tors and
devi cespar elagenet af1ébl1e Bitdirite such g a pelly @ssorplastiOaidan BH @@y inds 2 ar chitect ure
of the sem conductors or devices.

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

semiconductor layers. Preparing thin film photovoltaic layers on a flexible substrate

is an important goal for providing renewable solar energy and developing new

30  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 numerous chemical and physical parameters involved in forming an



I n sone enbodi nents, this invention includes a conpound conpri sing
repeating units {MA(ER) (ER)} and {MB(ER) (ER)}, wherein each MA is Cu, each
MB 30 i swOnoowo1i@ss each Eis S, Se, or Te, and each R iPSTiusdapontsent | y
sel ected, for each occurrence, fromal kyl, aryl, heteroaryl, alkenyl,

am do, silyl, and inorganic and organic |igands. The conmpound may be a

CIGS, CI'S or CGS precursor conpound. A conpound nay have the
enpi ri cal fﬂ;@wéﬁa@M4unhmy&?@s>raw&{a%ub;t§@@hmeu M‘ﬂ%ﬁﬁih@tﬁé otier faly@ 0.5 to 1.5,
y is fromOto l, zis fromO 1, vis fromQ0O 1.5, wis from2 to 6,

and R repr es@Hicd tRmgkeaipdticigt SQWIQ?H aﬂ%@@éldaﬁ@cwwomﬁ%@w which are
i ndependent | y sayggt&fleddao) ?a}@drﬁ%gmdsawﬁlpos&lsﬁsedrn@@faébgses%l@ﬁm anido, silyl,

and 5inorgani c and organic oun e deficient in Cu or
enriched i rﬂn@arlaISAan:olmqs@mhdlcrkmeer@p@mallyrtbmg%mnlwepd{W cgl daytsos ¢hidnat i on
polyner,sormh&eﬁﬁ&usbranched cyclic, or a mxture of any of the foregoing.
A conpound can be an oil at a tenperature bel ow about 100 C. A conpound may
be an alternating copolynmer, a block copolynmer, or a random copol yner. 10A
conmpound of this disclosure nay1ﬂ§EESUﬁ@WﬁBﬁhula (AB), wherein Ais the
repeat unit {MA(ER)(ER)1, Bis the repeat unit {MB(ER)(ER)1, n is two or

nore, or n is th@8nAhiIPh@vid&bniRolisis! &Qﬁ@ﬁﬂg%nﬁh¥n§§Eﬁﬁﬁ&ﬂmhﬁ@F each
occurrence, fromalkyl, aryl, heteroaryl, alkenyl, amdo, silyl, and

i nor gani c_aepasing semigondpefai@sd maiceialse wel aﬁﬁgﬁomﬁt@n@rﬁlva(@néf the f or mul as:

E%gg S(B(B ﬁﬁ) Yy c%v%éra %1%3}\%1 B%«éth % ﬁ‘(lﬁoﬁgd&(l rowdés@@carsngA) " 5 A ),,

(RE) 2 (D) (ABB) SOREYBSBBY( RABBY g A} o m}@n@@ﬂrmw By (AB)
€ EE) \242( ég@loﬁddd(t% gg% ES@@ cdtl and SIRBREE B . 7. nB 1 MA vi B2 \ E \H
The compounds and compositions of this disclosure are stable and
advantageously allow control of the stoichiometry of the atoms in the semiconductors,

particularly the metal atoms.

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

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

20 compositions of this disclosure.

The polymeric precursor compounds and compositions of this disclosure can
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 advantages provided by the compounds, compositions, and materials of

25  this invention in making photovoltaic layers and other semiconductors and devices are
generally obtained regardless of the morphology or architecture of the semiconductors
or devices.

In some embodiments, this invention includes a compound comprising
repeating units {M*(ER)(ER)} and {M"(ER)(ER)}, wherein each M* is Cu, each M"

30 isInorGa,cach 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. The compound may be a CIGS, CIS or CGS precursor compound.



mAl mB 1 mA2A4B2 \EZ E ABI AB2AB3 ( RE) 2- BB( AB1) ( AB2) .,

(RE) 2-BB(AB1) n(AB2) n, (AB1l)p, and a m xture thereof, 5 wherein Ais the
repeat urwo 2pNAGERy(ER) 1, B is the repeat unit {MB(ER)( BRXAS2010i0$40601e oOr
nore, or nis two or nore, or nis three or nore, mis one or nore, and p
is one or nore. This disclosure further provides an ink conprising one or
nore of the conpounds. An ink may be a solution of the conpounds in an
organic carrier A@san;;lefah@Klapﬁyveqmlﬁﬂlﬁca@fdm@@ux@ﬁ y@hw SoRant . An ink can
contain an additional indium containing conpou addi ti onal ,

gal | i um conVedrein fgs %@mﬁédﬁd 5, s fépnhﬁlt%/bdemﬁm@dmlav ﬁ.fwgl Gdtpbadis An i nk
may cont al ngqRo (0b, ARRGGAMRNCLb IS SRLPHL LR IRl Uhidfaa surfactant,
a di spersant, an enu |er an”ant | - f oam ng agent gr er, filler, a
resin bi ndemdepandehﬂzkféwﬁd fromn stkelcash, hstemprdt], pikemyL, aafnd@ﬁtlyl mdl dant a flow
agent, 15 u pronot er,
ot ertdor o A EEani A GARCLEL Ity BIBL G KA ch ALY

further aspéects commtmdmmyé)ntan mrganmlmdmer metdoatistibo polyeki, nghraalpr ecur sor
conmpound by, qvi,di ng Im cappaynds ER) and I\/A( ER) ;
and b cont iRl YA A BREP Bant QML o hidsting ERR e 1 T o
is Cu, 20eateiananuse bslo“smouoroom Aaa:uﬂnﬁaun@maymmq:rmitdmamhg/cc@elymet ad, for each
occurrence, from roaryl, al kenyl, amdo, silyl, and

het
i nor gani ¢ at?118°ko“198% Pfag?ﬁ%n inéeﬁd MB2 may both be In, or both Ga. In
cer t ai nieenbodi ment@npduhie oNBR dielos 1o MaY UMdshE Rimile (A;B)‘Il]:\ah‘drﬁdﬂi@t}& process of

deposi ting, rayi i . ar r|nt|n i sclosure includes a
conmpound iR %ﬁh%ﬂg@g@i{)g%ﬁm% RFG it (i%)(%%) D IS MO B 3, |

mB2(E-, 3 1s three or more, and RIS 1ndependeln£l} s@sEedVRYr ERh.ocoiRn&), RoMbBd/1is In, MB2 is
Ga, NA IS , each E i or Te, .and Ris |ndependently sel ect ed for

each occur r%ﬂc%eterp?%hﬁléFWIaml% yilyl, "Wétl@rr%?élf%n ORgeRiEAgrNdsa i do, silyl, and

i norgani c 3&%;@ AEREhdvt GRNGR of theCBARAMNARHTRBBIAN R, (RIS 8 AQ) BIOr e T epeat i ng
units { MB(ER R%&B)}'I;nvce%{]al n0 er?bodl nment s e (g o8 ) have three or

onpoun
nore repeat B (G ERFE RERYY:BB, (RE),- B(Béhﬁoﬁgeﬁ@n%ﬁ‘ RBs i nvention

may furtheropqQyi dﬁl‘?ﬁAW@RE‘}#ﬁ;@?MB?'@%)OQE%)PAAW@AB%OWPOUMS or inks
deposited onto a substrat deposi'ti n&E) E(Bbe done By spraying, spray
P

coating, spRd): Gﬁ@h%$$k6ﬁ@”%@r@yﬂp&KéB%é| AbiBdg, screen printing,
inkjet printing, aerosol jet printing, ink printing, jet printing,

stanp/ pad printing, 5transfer printing, pad printing, flexographic
printing, grayure |nt|ng, ontact printing, reverse printing, thermal
printing, lit ogra electrophotographlc printing, electrodepositing,

el ectropl atj ng, troI ting, bath deposition, coating, wet coating,
spin coating Afe‘é Blng oller coating, rod coating, slot die coating,
neyer bar coa \rect oating, capillary coating, |iquid deposition,
sol ution 10d p05|t n, -l ayer deposition, spin casting, solution
casting, and \conbi atlons of any of the forgoing.

In

MA/ \MB/l \MA/ N BT
N N N
E E E E
R R R R
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The substrate can be selected fromthe group of a sem conductor, a doped
sem conductor, silicon, gallium arsenide, insulators, glass, nolybdenum
gl ass, siwpecon/dimki de, titanium di oxi de, zinc oxide, sPCras20mwiot4058e, a
metal, a netal foil, 15 nolybdenum alum num beryllium cadm um cerium
chromi um cobalt, copper, gallium gold, |ead, nmanganese, nolybdenum

ni ckel , palladium platinum rhenium rhodium silver, stainless steel,
steel, iron, syrontium tin, titanium tungsten, Zinc, zirconium a netal
alloy, a metal/ silicpde, a mggjal carbiple, a polynek, a plastic, a
conductive pofymer, @ copolyner, a poljrger ble pol yet hyl ene

t er epht hal at 2 OIMWM\& affol yestag; a poryester film a nylar, a
M pol yWIY! i dyMguori L a poly
yet%*r

%;\

pol yvi nyl fl t hyl ene, a

pol yet heri m &g, a\be her One, e, a polyimde, a

pol yvi nyl chl oki de, ai acrylongtrile buRadi ene yrene polynmer, a silicone,
an epoxy, pap coated paper,” and conbinations of/ gny of the forgoing. The
substrate nmay be shaped, including a tube, a cylihder, a roller, a rod, a
25pi n, a shedsese ABIABEAR’ phaded®, a bl ade, a vane, a curved surface or a
spheroi d. This invention discloses nethods for nmaking an article by
(a) providing one or nore conpounds or inks; (b) providing a substrate; and
(c) deposit R@Z-Bbﬁﬁ@l@mgqn,m EBB@J@?HQKB?Q (alpe) SHP8 hiah@ thert@P (C) can be
repeat ed. The net hod may ?utt er _inc udefﬁeatlng the substrate at a

t enper atur evesreip Agrtheeitset wifod BRYEBU: B4ptherapsatanivdt {ERER Ken Bonpounds or
inks to a ngfefile offR WELPRGEN & WildGmdidGh HdGe BEAbiNhatie osubst rat e at
a tenperature of from about 100C to about 400C to convert the conpounds or

i nks to a nutredre.al , followed by repeating step (c). In certain enbodi nents,

the method can ifel df&gogﬁl{gq‘g‘%%&?w{d@%mg@ﬁ@“’%oél@ﬁeﬁ{nh%gﬂﬂe substrate at a

tenperature of froma 0 about can al so include
heat i ng t hecosapostdsatie igt may benpdutmnwl heebmpownds abrouwrgah@d@rico About 400C to
convert . 4 he r inks .t teri.al nd. .anneal.ing, the material by
neat  ng'd ne"§ SREEPRFE «dprdi Y ik BplTRe b Phosn S B AP SRGRA, h¥EsE: “6s0c
The met hod cvaairfing dongound)eh adiiitidnelbdallingn-tdngaising sém@tued,at a mdlybdpemat ur e of

f rom about 10§C.to aboutd 5400C to cotn.vert t he corrﬁounds oL, (hnks to a
material, depdsIs ??Eptoﬂ%'d%wgﬂi‘ﬁéﬁ%?mioﬁ%%r BAE SOPREEHBE TS & and

anneal i ng tihegivap of a alrfabyntheditpon@nt, hecaubisicr, ai entafoaming@gperadrigrea of from
about 300C about 630C. Further steps of _.the nethod may include (d)
heating th “ge&tfsrﬁ?‘%f"é‘g%{taﬁll#é?%’earﬁicﬁ?lg’ IB‘PCL?%?H ae’ilﬂaﬁ‘fd%&bﬁ)éo‘fv&g%’c?ut 400C to
conver t 13 heplS@oROURN BEndstivit kSerk, Q. dy AL bBpromOR), af @RE&dcH iatgmt he conpounds
or inks 10onto the substrate; (f) repeating steps (d) and (e); and (g)
anneal i ng t¥editgrErnadheon Bty ided¥Subst rate at a tenperature of from

about 300C to abputrtEPRbectdH il Qfidh irtl@RSmEBSs fRHChade:  shhch@at i ng the

substrate at a tenperature of from about 100C to ahput 400C to convert the

conmpounds ofonmPaREd kyor) Rreviding mgromer eympgiiadaM (ERBhM BR&r indIM K Rpeat i ng t he
substrate af, a, E%@%&%ﬁ?ga;éfngoﬁgﬁlgi ioﬂfﬁ}oﬁl%%hé&gg{m%%pﬁmis Hi6HoG cqand (f)

repeating steps (e certain enbodi nents,’ the nethod nmay

i ncl ude2tan @ph EdnalScserels. ofd & sliedeponaleitbnsctectedfbf each gepuitenee, @mher bef ore,
during or r..gn I; : : ' I peets, this

i nvention ?Jr%%:}lﬁ’u%géyeéé?m légl{k% %}aﬂ\}ﬁal?}{lhagaéqar;g%dp EEgagF 0%? %;ﬁ%ﬁ a &

Cux (| ni _y Geandw SimaySet) be, Inwhdpti Gp. Xn cgrtair onb@liBentso the.nfynognei s from 0 to 1,
and z is from l..v.is from 0. H..and w.is from1.5 to 2.5,

Furt ner —ensaareRed b diBs iR Gatet B endi Al S E SyReldt o ovi di ng
one or nore conptimntslonreiimitgtes ¢ bympproy ndilagy apsudss teomirajng(redetiskeposi t i ng

the co unds_ or ink t.on substA . .and (d). heating-.t hes substrate at
a terrpg}rjsgt u?l%nocﬁe%@ ?F]g% @béﬁﬁkﬁa t(gkg%ﬁf@l lélﬂi‘ﬁ% ar‘lsgﬁ}?‘i t “at nosphere,
t her eby pr odueheheE & SY8E, ek Talanb &vik @egentidnitly kelegsd, Gdr chehostcrddod, fitom 100

m croneters. The substrate nmay be heated at a tenperature of from about 100
Cto about 80 &L ?GYPW%%HB%@%S%H{%%I%%?{“CAP@ oganic ligaklye Aenbodi ment s,
this i nventigporidmbyliRse grbdrindrt topeamE Qhita|MTRARERY} . an 3G Ocess
conprising, (a).providing one or nore conpounds or Inks; Eé{))é@{)rovi ding a
substrate; {EOIHRIEs? EFRRPURHE2E hRYSSlAsE ST BPreireneatingtngs ¢ Mel Hate; and (d)
heating the substrate at a tenperature of fromabout 20 C to about 650 Cin
an inert atnosphere, thereby producing a thin filmmaterial having a

t hi ckness of from 0.001 to 100 microneters.




This invention includes a photovoltaic absorber having the enpiri cal
formula Cux(Ini_yGy)v(Si zSez)w, wherein x is from0.5to 1.5, yis fromO
to 1, andwo2s/firsm O to 1, v is fromO0.5 to 1.5, and wPC3/USe@nmod4055to 2. 5.
In further aspects, this disclosure includes nethods for making a

phot ovol t ai ¢ 5absorber |ayer on a substrate by (a) providing one or nore
conpounds or inks; (b) providing a substrate; (c) depositing the conpounds

or inks onto thean%laﬁﬁern@st&,th@ﬁdm{tg)l RS ARG plbRC sMbstiabRpingodeemper at ur e
of from about 100 C to about 650 in an inert atnosphere, thereby

produci ng aorpPae @Q}mquad%oralﬁ@él@mrted e subadtngThe deppwligenay bsidope om 0. 001 to
100 m crongf.ek g?aylt%oéﬁ?ays&%g[e?}%dﬁéﬁgﬁﬁén d;SrQ& ﬁyrbfi‘%@%fnﬁ% LQed R Sing

phot ovol tai ¢ devi ce nade w a compoun I nk described above. In certain
aspects, thlunlgei mm@ng,ua@WS@oﬁmmatI}é@rmmgmﬂ@rmm proppdl priptiegect ri cal power

using a phofoval él@ﬂtﬁlﬁ%%ﬁ fift u%;zg %%%’aﬁ)hfcﬁlrlhg% éfa%rg pg;hﬁr%t, btk energy.

This brief suma Iption of the
i nvention, ibdisg vre‘l*elrse@smtnirg;tlferrgalrpestlng, héloglpﬂgndlectrcephamwaﬁsc pndingl ai N5, as a
whol e, enco ntvent |19516 os1Fon CoaQ%SCRI PTI ON OF THE
DRAW NGS FI S den ot &cur sor

c?rfseﬁeplgsﬁng,f thodﬁali{mg qu nﬁfé

0
conpound ( M%Ebmg, @p;n sdfemmg kinife Boaging,Ir plletrheatmgrmdt:wtmg();ﬂottdiee:oemg)ound can be

ted E) 2BABABB, A th t t
VAL e 33 et iR Mo got ) Ep it FaSh defosi BaolfiibEhe R 1t &

functi orml @p@si@on kaly€s- by21ayd?|dgposzlosmpmascaamgemmnmhg,@ﬁadaorp&hg/trms| c
pr ecur sor gtg‘ E%’ As shown in Fig. 2, the structure of the conpound
can be repr 84% fornul a 25 (RE)2BABABBABAB, wherein A is the

repeat unit {NA(IEB)sa}strathaerets%a@ctre@maltth@@bﬁp $VBEERANuctdE, 4 gopad chal cogen,
and Ris a functional group. FIG 3; Flg%S shows an enbodi rrent of a

pol ymeri ¢ praiippdestorciiosusaliiymvemnideagsdpgtinglpss. rplybdesumglass. silicoret ur e of

t he conpoung,gad tl%luW&Bﬁa@%r@@xm dilRen hendah 80 o(REN480( BA) "BB, wherein A
is the repeat unit {MACE )Zé, Bis the repeat unit {MB(ER)2}, Eis a

chal cogkh, @b, Hupipye: PBHENMgead myM, CRiEm, chrongpg, algwemer,an enbodi nent

of a pol yne LU structure
of the compannares: s mEp TR My ol Lef e D i, Al ) 6

wherei n A i odine, sikpre stpinign ttocl. MREERPRsroBiuNg tinfigariepeangstoni 2ing, MB( ER) 2}, E
Is a chal Coﬂ#:cgmuﬁn?mgtal 109, § HeGHiRq@ ag{epa'l"p%m??\,/g%%lyn%g Jific 2 shows an

enbodi nent ‘of a polyneric brecursor ¢onpou
conductive polymer, a copolymer, a polymer blend, a polyethylene terephthalate, a

20 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. The substrate may be shaped, including a tube, a cylinder, a roller, a rod, a

25  pin, a shaft, a plane, a plate, a blade, a vane, a curved surface or a spheroid.

This invention discloses methods for making an article by (a) providing one or
more compounds or inks; (b) providing a substrate; and (c) depositing the compounds
or inks onto the substrate. Step (c) can be repeated. The method may further include
heating the substrate at a temperature of from about 100°C to about 400°C to convert

30  the compounds or inks to a material. The method may further include 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 (c). In certain
embodiments, the method can include annealing the material by heating the substrate

at a temperature of from about 300°C to about 650°C. The method can also include



shown in Fig. 5, the structure of the conpound can be represented by the
formula cYcllc(BA)4, wherein Ais the repeat unit {MA(ER)2}, B is the
repeat urwo 2QNBIERy2}, E is a chal cogen, and R is a funeCrasaliogumep. 10
FIG 6: Schematic representation of enbodinents of this invention in which
pol yneric precursors and ink conpositions are deposited onto particul ar
substrates by nethods including spraying, coating, and printing, and are
used to Makg.§RWhE WAL A t@ﬁger%;e%h%ﬁwbeﬁr 1@0@{&%@'4@0@@ dpwdces, as
wel | as energy conversion 15systens. FIG 7: Schematic representation of a
sol ar cel | @aponqyedtorankstinp gafehglepitd ancaling e ngeterpl by hatisghihgs t he
transition GhmidRhYHidAulle fifhs ut S0P ABSH: 64 MPPIHe el a1 nventi on
into a material as determ ned ernogravi netric anal ysis. shown in
Fig. 8, thefuﬁmremhud@ﬁle@tmguhetmb@ra@rat@h@nmraé@apé&@m@bwmﬁf@tpgbquépr esent ed by
t he repeat b | NSl precur sor
conpound i n%Ug (?ﬁ%&ng%ﬂegfé&@ﬁgééiwvéégkg%ﬁggg éeﬂc?glg? : gfef[% grrrrlgéllrng?ﬁrr e of about
230 C. 25FIli@ks @to fh gubsHats hodsnicakbng thamsictialdry h@ﬁtir@ thodupstertd @ apr ecur sor
enbodi nment of Jt:his invention. int t r| a det r ned by

t her mogr avrt%re r%tgreaoggomabout%@é%ab\/\ﬁutlbﬁoﬁj@ SO%t ﬁ? Mt ructure of
t he precur smcludm(ramhmndg ths sulapate aenteagedrd dsfe‘romeqﬂmat l(lu)ﬁﬁj 1to ritmnmi)loaj

{Cu(SeselSu The transiti Qn of the p urs ound .int.g the

R ety vt SR A AT Rl e et T
Fihg 10108 hOMﬁo ﬂaheuﬁsfraes(r)trb@amlig stﬂ)sgd))l MBS hdRpemuESiap lemsHaent (IVPPl) of
this invention into a material as determ ned hy imetric anal ysis.
As shown |nhe?11$tﬂ EPbsEig atpdPrRRTR e lfrrOH’catbﬂ?g’Ogcior?g rﬁgéogilsor compound i s
r epr esent edaiti§daEstefs @PEACIHO| ) hERih B cauthGdlc2eh amp(eﬁaﬂ@w) frdth SgBu) 21. The
transition of the precursor conpound into the material CulnSe2 was

conpl et ed atO0C {9 AU & GnvabBaropamngds orfls o g matepply(©) gancakitins t he
transition @f natcRel %rm%aﬁlfg R ﬁl%b{fa%)a{t QSR R Rk fr(nl}{PBaut@boc@ BiaBodtnvent i on
into a materi al term ned by thernogravinmetric analysis. As shown in
Fig. 1115th®0n%,|9@é@aqpe%ttng@tepwé (@randi®- precursor conpound is represented
by the repeal U kerfff S Qi R Atk R incidRGn bRl Libogr of the precur sor
conmpound into the nmateri al was corrp(i eted at a tenperature of about
175 C. 10 HRielenization qlrsglfurn_zztlcshehﬂ?s:r bﬁ@ret duimg ot it anif step gfdicytmerdre precur sor
enbodi ment (NPP) ;of this invention into a material as determ ned by

t her nogr avi metric anal ysis. As shown in Fig. 12, the nol ecul ar structure of
t he precursor C ANpOUNTPEES, ﬂeeplmesmmwhidys etlmetendrh\eang thmiempfrerinul a

{Cu( st 2531, . JIh ra i.on.of A ecu c und into the
mat eri a 4 lalg'%% 'y 335(8\/{/& eZéVOrrg 8 éd’ fr?ma(t) iﬂtg%}%:éygst%rlgbé Pnaggut 15235 C.
FIG 13: Fi 1gfroﬂrﬁ)1s>hom frdre05nans) arndcwnscﬁfonal pal Y freri ¢ precursor enbodi nent
(MPP) of this i v tlonlntoa teri.al, as determ ned her ravinetric
el ysis. As shonm ey el s Setas BF s ERTERLOY PREMRecur Sor
conpound i Soreep hdsesvingduiy oir hﬁs Z@)’[&@ﬁaﬂng dRubstrhter @udepoditiythd 3u) 4( 1 no9Gaoi ) }.
The transition of the prec ougdlﬁnto th materl al Cul no9Gaol S2
was conpl et @§Ppnds of B?tatt ) beggngcthe ratiﬁtatﬁ‘inaemtfﬁ” Thows t he
transi t20n HmabREOLYEEI arbo@r@oucsloan R eeioIpite, (VRIBY pRidudhg hi s 1 nvention
into a material as determ ned by thernogravinetric anal As shown in
Fig. 14, thBtEidavings thé"(krn%?éloﬁfr@m@footl i TR et c e %/rwaterr%awt@presem ed

by the repeghtcfi § tefBERtkSfEH S RLBLNCE 18R 3 {d 10 of BGRALIRLOG@NI 3u) 21.

The transition of the precursor conpound into the material Cul n07Ga03Se2
was conpl ette@b@it 480 tenper at ure of about 245 C.

In some embodiments, this invention provides a thin film material made by a
30  process comprising, (a) providing one or more compounds or inks; (b) providing a
substrate; (¢) 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.



30 FIG 15: Fig. 15 shows the transition of a polyneric precursor
enbodi nent (MPP) of this invention into a materi al as determ ned by
t her nogr avoreetwidic23anal ysis. As shown in Fig. 15, the nolPetaisas1094408Et ur e of
the precursor compound is represented by the repeat unit formula
{Cu(SetBu)(SenBu) (Il no 75Gao 25)(S enl3u)21 . The transition of the
precursor conpound into the material Cul n075Ga025Se2 was conpleted at a
tenperature of apQUhvefibn &cluﬁés%(p&/%gw1Edfi@%bsai;%e18ﬂm¢§ ttd@ndifi@nfrhihi@n of a

o]

pol yneric precursor enbodi ment this invention into a material as

det er ni ned GY(nhérpYGr- e merlicrdn aitdrea) s to AS. xhdiom § to IFpgd z imdtont e

mol ecul ar stnugtUrsn 85 14 DS RUSCNRSA 1 sywound is represented by the repeat
unit fornmula {Cuo85(Set Bu) 085( SenBu) I no70Ga030( SenBu) 21. The transition of
the precursor cdnmbothadespentso thindisaltesrindideCoR8Bin(dy @GakiBSe Photawlesnpl et ed at
a tenperat A7 FlLg l+s of nethods
for st oi%h?%ﬁ%rtg%ril%%gg%% rg%ﬁgtr%? b%%%';%:ogir% s?nfiogglo{)e#%g%g%%ﬁ%% (Brecur sor
enmbodi ment riviRPng efsulishits; (chdepngifigithe Férepoundsaiisksropfoghssubetrdth @ndvgi) ght
percent - of . BAT il SitkBhe AL SLLNET s aohf) B oCRy abfl LRECTRARMRE compounds
used to prepar he po?yrrerl Cc precursor. e y-axi s refers 1o "E the

wei ght per cembsphtreathprabyt prodibcarg sphotovbinid fieoibeeleyur daving o thicduerd ot as

synt hesi zed Tp$ f%rﬂio ht line correlation observed in Fig. 17 shows that
the stoichi SHBOPYT b 1881 heri ¢ precursor can be precisely controll ed

w th the quanti tih @mOEmbddémdiey) hieinsentis € thefudesltdvoRaip Odvddatidde precur sors.
20 FIG 18: Fig. 18 shows the X-r diffraction ttern of a CIGS materi al
made with tW&" %B?WP? BrWS%*ﬁPé(‘?Sira%(eo.I%Se@B "(SB%CE%ﬁ)‘S(%é‘?’P@B?(O. 7 1n,0.3

Ga) ( SenBu) 2bntehipeate$-mdiiays Birfptovadiigd Qecual p&rd uihg FpBotovidaiewse fohe presence
of a single crystalline Cl.GS phase, nanely a tetragonal chal copyrite phase.
25F1 G 19: Goyert Heht dpenlectiss] sifse%sis by X-ray diffraction of the structure
of the crystallimg Rhassniry iR a ?%ﬂhai_le'saé@ré@dcv,mcﬁlkﬁowfmqmeeﬁwnerI c
precursors having a range o?, percent indium as shown on the x-axis, from
about 302 t% vedles thedamges ihe procpded cssroplpsyad gims a3 pohela/ EemiEsy theThe resul ts
in Fig. 19 shewithgthtihendgoree of incorporation of indiumand galliumin
the crystals of CIGS naterials can be 30detected by the relative position
of the 2-theta-(112) peak of the X-ray diffraction pattern. As shown in
Fig. 19, for crystals oPREREFRETIGNOF EHEiQ?e“aWH‘&‘g%eI ation was found
bet ween the percent indiumof the precursor and the position of the

2-theta- (1412) 1peak] siEh@wnRebbdiakntdTa pslyaictid pREBEdrtoRbomd VEBB) Mag eri al  can
be precisely controlled the structure of the polymneric precursor used

by ol
for its prepaVait oig. | tesalictpry.of fegompeungiamge Epreasiidyyitee BymBgnani ¢ Li ght
Scat t er»ng &) JHHBAB 8e1erah A\/@{h@%peafunhnmrgfg},mmeqe@aﬁﬁw sors of this
e

di scl osure. Tpeggugl%nerl c precursors were made fromthe chain-formng
reacti on of {IMURBMerisisgrchalcogsnAnd® ing funsperad Sigpt s 5{ MA(ER) 2}, and nonomers
of B, providing repeat units {MB(ER)2}. Polyneric precursors 1, 2 and 3 had

estimated nol ecul ar weights of 17 kDa, 87 kDa, and 59 kDa, respectively.
FIG. 2: Fig. 2 shows an embodiment of a polymeric precursor compound (MPP). As

shown in Fig. 2, the structure of the compound can be represented by the formula
25 (RE),BABABBABAB, 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.

FIG. 3: Fig. 3 shows an embodiment of a polymeric precursor compound (MPP). As
shown in Fig. 3, the structure of the compound can be represented by the formula

30 (RE),BA(BA).BB, 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.



DETAI LED DESCRI PTI ON Thi s di scl osure provi des a range of novel polyneric
conpounds, 10conpositions, materials and nethods for sem conductor and

opt oel ectwonoti/arez3er i al s and devi ces including thin fil mcphistavol40as cs and
vari ous sem conductor band gap materi al s. Anong ot her advant ages, the
pol ymeri c conpounds, conpositions, materials and nethods of this invention
can provide a precursor conpound for making 15sem conductor and

opt oel ect r oficC 4MRigeh kiRwianlcRBbUHRDF g@lyﬁ{éﬁc [;Jegﬁs&%%&% (Meper g for sol ar
cells and other devices. In sone enbodi nents, the optoel ectronic source

precursor CHAPBINEE. bhasueuternf dhercompowdivanbe m@aenéﬁddvdéhe formHaut ot her
compounds, | () HABAYBBA) B RhelbOAMM ChePL (FHER)ANE OhBRbeATRRRT T Al S can
be made. Pol yireric precursor conpounds nmay al so be used in A mxture with
addi ti onal ﬁ\ir{EBQm}ld%lSta@th@@nt%lelstacfllr@hp@ﬂrgtoﬁlg of a layer or material.

I'n general, the ability to select a predeterm ned stoichionmetry in advance
nmeans that the stoichionetry is controllable. This invention provides

pol yneri c cldfpoultsS &Innivscaowplbsditriem afpolymeric prepllrrsxtr@vmbolaid(ﬂ\@}ﬁp)l Agations, as
wel | as deV| | Ges . a d ns. for..ener onver si on sol ar cells.
The pol yrrerl c corr%gufi T o Ofthc()esclO %‘h@% g%hepres%uesdé g%f}%ém]il %cl ude

pol yneric p °é°cc]B|A§pwhemnt| mge@adlmlo{IMﬁ@R)z@ Piselxucsar snif OV (ER)LrEal s f or
prepari ng novegalsem con and hotovoltaic materials, filns, and

products. A %Otgﬁlérangl f“éﬁé%na 'R di scl osure provides stable pol ymeric
precurspy conpounds for 30mak| ng and using |ayered materials and

phot ovol t ai ¢S, ch as for solar and ot her uses.. . A

phot ovol t ai ]@%ag'sg?}k?@ra“‘f‘rﬁp@??néar“%]og?rﬂli’osdlla?lg%?%@ﬁFé’e‘&téﬂ’? ipahichn the precise

st oi chi omet otyddrictph@uRBbRGHE HRIcohPedtid aftleBositB@oRb fatineir st uatel BY -

Pol ynmeri c precursors can advantageously forma thin, uniformfilm In sone
enbodi ment smetgocﬁd‘ll‘i}‘i‘\dé?g P R8BS aP%PréIHm& gndiapgysed lornake pr ocessed and

deposited i é@nﬁ’coﬁ&'ﬁﬂt&r%ﬁ@bét@é‘l@&roﬁﬁ nt@HRShY 8t Bees, TR steula@\él%i'gy &ﬁvag@ﬂl des

pol ymeric precursors that can be used neat to make a thin fil or can be
processkd | ¥ys&MSi nk conposition for deposition on a substrate The

pol yneric precursors of this invention can have superior processability to
forma thin filmfor nmaking photovoltaic absorber | ayers and sol ar cells.
101 n cert ai AGadpédiematie repres¢ntasion of drolpreoll cabedipoityfitiny inventiesur sor conpounds
havi ng enhanced solubility in organic solvents. The solubility of a

pol ymeric precursor nmakes it advantageous for preparing photovoltaic

mat eri al s uSliGng: &iwy? elmevsolie traitionsf ppdregsgsedurat emiaglimneng (Mébm‘f tion of t he
precurs o/ supstra |n thi.n filmsela | |'s.
polynerﬁg pggcdﬁégbn"l alH“%%ﬁenﬁgﬁggfdbgﬂﬁgg?$?wnwnwfgﬂ%e désﬁgre carrlers
for prepariingia, tha molmulbstmet}nasoftﬂm:brmmrsar enliqmncatseepresented by thef ur t her

mbodi t t h tj ' f I
conpounds. TEPCDHTLRRINE (66D ERLY” TR whi R e Bl St BhEF B e anc
sel ecti vel ythy afategigl. CUIASE has eorgitiiedlatmemperatiRef aeduyR30 i@y of a pol yneric

precursor can be enhanced by variation of the nature and nol ecul ar size and
wei ght of one or nore

25  FIG. 9: Fig. 9 shows the transition of a polymeric precursor embodiment (MPP) of
this invention into a material as determined by thermogravimetric analysis. As shown
in Fig. 9, the molecular structure of the precursor compound is represented by the

SEC

repeat unit formula {Cu(Se**Bu)sGa}. The transition of the precursor compound into
the material CuGaSe, was completed at a temperature of about 240 °C.

30
FIG. 10: Fig. 10 shows the transition of a polymeric precursor embodiment (MPP) of
this invention into a material as determined by thermogravimetric analysis. As shown

in Fig. 10, the molecular structure of the precursor compound is represented by the



20organic ligands attached to the conpound. The control of polyneric
precursor solubility can allow the preparation of inks having controlled
Vi scosi t ywof2or1/axsapl e, anong ot her properties. | RCyAIsesinlog406he
structure and properties of the polyneric conmpounds, conpositions, and
materials of this invention provide advantages in making 25photovol taic
| ayers, sem conductors, and devices regardl ess of the norphol ogy,

ar chi t ect ur@pc.@iniMBAREA {@ﬁ(SE@QI(S@‘Bh}IR([Se“B‘u) BhenseMmsaRAdEMHE QFRuRbr devi ces.
The polyneric precursor conpounds of this invention are desirable for

preparing semneBHHinEthe mﬁ*ﬁt@rquélll%?z aRtcertpersataitgpreratine pbrkAvE45c Cor ecur sor
may have a chain structure containing two or nore different netal atons
whi ch may be 30 bound to each other through interactions or bridges with
one or nor eflghal:chigen svwhthe shngtial dogehmsoapercwiergmpoiligenedIPP) o Wt h
Lhi's STIHCT G ST ARUARGL GorBRERYLS Horh Skl B OLERS U @S
deposition, coating or printing on a subst fate or sur as well as
processes iinFagd. Vi rtge snleedbr strgstusion themirgrgrsot ¢wrpnmhd ipwpmsymcdsby thnd ot her
Zﬁhmaﬁggdgﬁ;r%r%} %{] fé];r%ﬁ:lt "{I&u(%gtBﬁi ﬁ ducettfansﬁcion gff t{le precwﬂsorx?rg]éolu%d[?r geursor _Srhgan
pol yneric pﬁleﬁmfemakclmﬁmundsn@tmbdmmquetatmﬂsf abbuttlh’6§cl nventi on may
advant ageously be used in processes for solar cells that avoid additional
sul furization 5or selenization steps. For exanple, the use of a polyneric
precur sy i FIGs en EQNIUbb ek thadmbki@at dffaipolynRFio pREGES mndlamha(mﬁ&))tohe

formation of . ME-M bondi ng, . su as i.s required for alco en cont ai ni ng
seni conduct 8F 'ESABYURES faﬁg“arlrﬁi g"rt‘?rﬁlll‘?d ?%’fa‘f\ﬂ“ieglcéﬂa YHO¥Re of
G oups 3 toin¥2y 1M thé oRbulatsaitiafe oBiRPRechBor @thotd i§ r@rék@tﬁ&ﬁﬂ)}%ﬁ'en I'n

sonme enbodi nents, a pol ynerjc precursor co ound contai ns a chal cogeni de

bri dge havieeaf Wit @BF%I{QH(@@(WM7SGWBQ)E) gosiap Bf B PV yeri ¢

precursor CQIMtOintRYe ﬁ@féﬁ&l@@ﬁ%@' |, Y:SCRI @hndpldid ik A88HcRRIVBLIbAL OMB, Where
oun

the linkages are desirably f a material of interest, such 15as a

Cl GS mat®eri#®5,°CGahich material can be made fromthe pol yneric precursor, or
a conbi nation of polyneric precursors. The pol yneric precursor
conpounds of this disclosure are stable and advant ageously all ow control of
the stoi childfet #:yligstirshewuthe trapsidonr dripolymsfic prreuraeremboilimeat @8tH) obnduct or

mat eri al oy 3y 8ol MR fcrer R a1 thon B e QWL 00 ROLKART | C

precursor conpounds I n any particu sém conduct or actur| ng process,
t he stoichi iolFég 1y, thé mpleulmetradtugtod e pc@anblecoaiwDemdns nepeesarried yothe r ol | ed. The

structu r e%lgm %rﬁulag (;S%ﬁiz\g ;Gag%%/f E’Ren‘;[r 51t10 aFtlﬁnBFecurg di fferent netal

atons. Pol yrieri c precur eren 'and di fferent
nunber s of crmtpahncbﬂn@rthe manarﬂdecmmmGaﬁSgﬁasidtbmplemilasetarmmmtrmfmomont rol the
metal atom @g oi chionmetry in a sem conduct or manufacturing process. For
processes % ting at

FIG. 14: Fig. 14 shows the transition of a polymeric precursor embodiment (MPP) of
25  this invention into a material as determined by thermogravimetric analysis. As shown
in Fig. 14, the molecular structure of the precursor compound is represented by the
repeat unit formula {Cu(Se'Bu)(Se"Bu)(Ing.70Gag30)(Se"Bu),}. The transition of the
precursor compound into the material Culng 7Gag 3Se, was completed at a temperature
of about 245 °C.
30
FIG. 15: Fig. 15 shows the transition of a polymeric precursor embodiment (MPP) of
this invention into a material as determined by thermogravimetric analysis. As shown
in Fig. 15, the molecular structure of the precursor compound is represented by the

repeat unit formula {Cu(Se'Bu)(Se"Bu)(Ino75Gao2s)(Se"Bu),}. The transition of the

10



relatively | ow tenperatures, such as certain printing, spraying, and
deposi tion nethods, the polyneric precursor conpounds can naintain the
desi red swoiohwoamssry. As conpared to processes invol vi rgTskaiophe®ssour ces
for sem conductor preparation, the polyneric precursors of this invention
can provi de enhanced control of the 30uniformty and properties of a

sem conduct or material . These advant ageous features all ow enhanced
control ovefredi@r 8dhiptuhiifo BF nfiSBNTERNLOL, K, a@stc%hip@étedr@de with the

pol yneric precursor conpounds of this invention. The polyneric precursors
of this distempaiue ofeborddeiG-or buil ding bl ocks for sem conductor

mat eri al s because they may provide atom c-|evel control of sem conductor
structure. The pol yneric precursor conpounds, conpositions and

met hods of K& $6:dFigcl cohawe thadpnsatidnow agolyetstic areduiperegibedimsontMiyl) obf t he

stoi chi OSnEtt'hlsCIn\reﬂﬁé ﬁtooaf aﬁ@trlaqhs é iR bgﬂ%e Iﬁ?@%lﬂﬁl’rlc aHalipsnEAscefIm\ggl ments, a
pol ynmeric precursor can 'be lUsed a one, f ot ounds, to readlly
prepare a |iayeg 16rthermalecdar s@uwerm&emrﬂmomonmoyn@s lmplrersamw It e chi onetry
can be made, In Se t ai.n s Le k an be used
to form nanSparth Onnm?ﬁ (ﬂgﬁ EE@guség%E P?gylﬁl tho ]asgmﬁf%pare
senlconductmepﬁ&hﬁﬁm&h@mmﬁ&ﬁ&ﬂhﬂdﬂﬂﬁmCswgmaﬂhmakhwmemmqmnunny further

provi de progesses u gparticles nade from pol ynmeric precursors to
enhance t he @B?ﬁgﬁiiﬁggﬁgag(gperties of a seniconductor material . I'n
aspectsiof this invention, chenically and physically uniform sem conduct or

| ayers can epar ed mnth ner. | recu sor oynds. 151 n further
enbodinentsB%%E 8¢ I*@W%ﬁﬁ ‘%8¥ﬂﬁﬁ% @Eﬁuﬁénﬁﬁﬁégﬁﬁ processes
operating adon{p@blabﬁ el oy ratic fp%mgblaémﬁoaﬁndms (MHP)tdIﬁthlvMﬂiéﬁi Thgg-ecur sor
conpounds and conpositions o hi.s di scl osure, pol yneric

precursors %%“FWF§O§W§HP%§BP€m5PEaH%E?HW3F816F@§§Wthﬁ§?'WHQ% can be used

in various Iﬂgﬁ&%§oﬂlﬁouﬂﬂseﬂ@ﬂ?op§%@tﬁ@9&l9ﬁﬁﬁc P& Rk AT R v-FAL reflrPEeSSEes
20i nvol vi ng i nks of ymeric ﬁrecursors t he controlled deposition of such

i nks cah’ prfb‘?i’v@@hﬁlﬂﬁﬁiﬁ’%@ftﬁi%ﬁwg aefPart gicpyecyspirympapnds s pethesizetk s The
pol ynmeri ¢ PRRGULEAI 11&%8}}89£tﬁl%b§é}geoaflﬁfﬁg0§'7 Eﬁo%%ha@fthe 3%&11&{1&&'0?%{& e can

provi de enhanced processabi production. "Certain
pol ymeric m@s@mrgdxre@rmp@mmgreamdy@mfmlsd Wlltbﬂ@ qupntitigs of e swheveas e 25provi de

t he abl|lt%m%@KHﬁﬂ£ﬁQ §ﬁﬁ?w3ﬁ<ﬁ%5§t've'y | ow tenperatures, as well as the

ability to use a vari bstrat es including flexible polynmers in solar
cells. Enbodlnents of polyneric precursors for CI'S and Cl GS photovol taics

Enbodi hj
? o (R B L B A E N BRy (R 9o 2 SRR RS AR Wy Ve 4P
or Ga, eachth&polgmSic [Becurar {{DRS (at)(ﬂ;emlg(ﬁe"ﬂsub(s.7|Im,dép(ﬁ)(($e‘fﬁd)z)}. gabact ed, for

h f. | kyl ... het I I |,...am ilyl, d
T o Gt L e A 1 A
conmpound nephake nandl) GRtragdnal HalcoRBitPpiRLelr sor conpound.

25  FIG. 19: Fig. 19 shows an analysis by X-ray diffraction of the structure of the
crystalline phase of CIGS materials made with various polymeric precursors having a
range of percent indium, as shown on the x-axis, from about 30% to about 90%,
where percent indium is 100*In/(In+Ga). The results in Fig. 19 show that the degree
of incorporation of indium and gallium in the crystals of CIGS materials can be

30  detected by the relative position of the 2-theta-(112) peak of the X-ray diffraction
pattern. As shown in Fig. 19, for crystals of CIGS materials, a linear correlation was
found between the percent indium of the precursor and the position of the 2-theta-
(112) peak, showing that the stoichiometry of a CIGS material can be precisely

controlled by the structure of the polymeric precursor used for its preparation.
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A conpound conprising two or nore repeating units I MA(ER)(ER)} and two or
nore repeating units IMB(ER) (ER)}, wherein each MAis Cu, each MBis In or
Ga, each Woi28118178e¢, or Te, and each R is independent| yPs&lusetion4406Hr each
occurrence, fromalkyl, aryl, heteroaryl, alkenyl, amdo, silyl, and

i norgani c and organic |igands. 5A conpound conprising repeating units

| MVA(ER) (ER)} or I MB(ER)(ER)}, wherein each MAis Cu, each MBis In or G4,
each Eis S, Se, or Te, and each R is independently selected, for each
occurrence, fromal kyl, aryl, heteroaryl, alkenyl, amdo, silyl, and

i nor gani ¢ af@- 39-gBisi 20 shpyaprignalyais by Dynemicd ighs Sptsishae eidhpmolsrHy r epeat i ng
units | MA( n ach MBis In
or Ga, eac E@I%QIFS%} }hr&@lﬁl%r@(é lglaerg%s dl}él%?tlrsgllel gggﬁgh%%hdt L?re&ilggeolrsgct ed, for
each occur resreaads fromthd dhgin: foemyg reapfecnent ozonginers gf Remywdmemm@t ungfj | yI and

i norgani£ apga i i T gf@ﬁr corrpound has
t he errp|5‘r:| cgﬁ @g%mng “g?’l@%?)f? Vﬁ%{é’g@ﬂé@% "ﬂ%)%W‘( e?eli}r?lieggl s from0.5 to
1.5, yis fprecrm@rstb21and2hiactesrtimatedmolﬁukarW¢1ght5|0§1’tklb¢n80k5)a,tand§95 wis from
2 to 6, andk =2presgnt s R groups, of which there are w in nunber, which

are i ndepende nﬁg efected from al kyl, aryl, heteroaryl, alkenyl, am do,

silyl, and inorganic and organic Ilgands. The conpound above wher ei n
x is from0.7 to 1.2, y is frRETAILED DESCRIPTIGNf rom 0.5 to 1, v is from0.9
to 1.1, and wis from2 to 6. The conmpound above wherein x is 20fromO0.7 to

1.2, y is from Qg V\%icﬁure rdv?degﬁ%ﬂggog ndyv@l ﬂolyrﬂeric%oﬂ'lpoﬁﬂg wis from3 to 5.

The conpound abqve ere| X 1s fromO to 0.2, z is
from 0. 8 t ccompositipns, materiglel ang ethdds don s:emgfs:ondncmr@nd qmeelmmom@rlabove wher ei n

the conpou nﬂld' d%wge%f élcg%trl}irﬁrﬁlg'bh%{evglwléscagg g'?_ujicﬁlls %‘fmcoﬁ@ﬁcﬁ % above

wherein the conp oun or coordination~polymer. The
conpound abmwterla/lherel n the 25corrpound |s l'inear, branched, cyclic, or a
m xture of any of the g\go;a

e? S the Q gourrrllpdo (?sog & ng b i a e%%lh Ris

i ndependently se Betted,” foréaeh 6 c&'rrence flrom?n&fgl) ﬁf(n (301 6) al kyl ,
(C1-4)al kyIand(n(éﬂaofﬂ);afﬂh;slmvenﬁm(cﬁﬁ-p?@v@del@}ﬁrecuifshﬁccﬁmm@dmﬁlnabmge V\her ein the

conpound. is an o te r at ur e he c ound above
conpr1 oo Fhksauis St b PR ot OhBEEES tar S MBI Bmpound

above conprfosidig cbily 2@ ofier BBLRs.I BREAE cMBodimkiits, tlhd\dﬁg(t&féc(rExB& }ouraéhe conmpound
above wherein the conpo i ynmer, a bl ock copol yner,

is.an alternating co
or a randonﬁrﬁ%‘ﬁWF(}‘ﬁ%ﬁo‘m&& this Wsnteaﬁ%ﬁﬁ] e%lgla B‘f hPetedicr EYPRANY ng' t he

formul a (AB)prephh@rgfeh frbmivehidhErS, eaEstindiihdr ndabdieERA( ERhlde. Boiysnctibe repeat
uni t II\/B(ER)FER) nis tw or nore, or n is three or nore, and Ris

i ndependentwrwéser epRayndsaay s usedinrarmainpies with &ﬁltaqn&gﬂompamﬂs 0 heteroaryl ,

al kenyl 20 andfl@el stdididmetBN allARF S&RAtEriANd or gani ¢ |igands. The corrpound
above wherein the compound has any one of the formulas: (RE)2-BB(AB)"

( RE) 2- B( AB) B, (IjéE)%@-eB(l AB) 2bgitas) select Rprpdeterpyed gRIchB o)y BA) B,

RE) 2- (BA) " y ) . RE) 2- ( BB) ( AABB) "
(RE) 2. (B8) (RAEey L Re e R N S FRRRISS (B (AB) . (REY2. [B(AB).
( RE) 2- [ ( BA) " BI, This invention provides polymeric compounds and composmons for

photovoltaic applications, as well as devices and systems for energy conversion,
25  including solar cells.

The polymeric compounds and compositions of this disclosure include
polymeric precursor compounds and polymeric precursors for materials for preparing
novel semiconductor and photovoltaic materials, films, and products. Among other
advantages, this disclosure provides stable polymeric precursor compounds for

30  making and using layered materials and photovoltaics, such as for solar cells and

other uses.
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R,ER nm6;iviB\ER iR RRRR zEEE

,E MA "Api 'MA "ml32 NEEV E RRRR 10P RRRR 7E., mAliviBi
'mA2 ' mB2WOBH11V01B3RRRR ABl AB2A133 ( RE) 2- BB( AB1) " ( AB2) ", PCT/US2010/044055

(RE) 2-BB(AB1) " (AB2)"(ABl)p, and a m xture thereof, 15 wherein Ais the
repeat unit {MA(ER)(ER)}, B is the repeat unit {MB(ER)(ER)}, n is one or
nore, or nis two or nore, or nis three or nore, mis one or nore, and p
is one or nore. Aphotov'Bh%c%WHHHteﬁQMf%M@JI@s‘uFE &H@etﬁﬂmé%éws has any one of
the repeat unit formulas: { Cu(StBu)(S1Pr)lIn(S1lPr)2

{ Cu( St Bu) 2I mlsma?tmof thq mequssps uyed ShBakq the dislpppmaterial.

et | 34) ( SeniBul i SEABIN A sl EHLREAM SRERDADSPBHIEL 11 com

Set i 3u) ( St Bu) (St 21; fCu Sel Cu( S130Ga 81301

Sel 3u) zetmk(osm@tﬁ) 2 poly eliq IS¢ B9y (sseml)thaﬁ Geseuejm@@ised and deposited in a

gigu (g %&%ﬁ& a& (5%1&%% %H%o ?s&%%rgﬁé&l?s%rs that can

St | 3u) (B1ReJ heaf SIRAR 3;thifi Glrg.SmBa) 'éﬁﬁkﬁw)med [(BaBuk 2ymposition for

(

(

(

(

E

SenBu et Bu | n( Se 2 S13u) ( Set Bu Set Bu) 21 :
ot FRD B RE BT The bR S b RSB & have
( SesBu) (ﬁpermnpmemlmg)ta ﬂo,rmhammmlsefbﬁm)mmmwm(mﬁ;eabkalfbarnayers
(Sel 3u) (S })é’a egSsBu)Zl {Cu(Sel 3u) (SeTr) Ga( S&Pr) 21;
(313u)(sa 1P021, {Cu(S13u)(S1Pr)(In, Ga)(S1Pr)2};

(

(

(

(

(

(

S13uw) 2( I n, Gah (:@EaBU:)sﬁéc,ts Ui &) PRk ﬁdlm@&)ﬁr&n&a) &dmpounds

Set B SenBu) (I n, Ga Bu S tB &) (Set Bu) 2
OB e o TR P i USRS O bl St B 2

t | 3U) 2frbdbirdoR hfalRts B diitadcGuN 155 Bpbr bﬁ@t@@alfaﬁ%ﬁéﬁazs}usmg any one

el 3u) (SeTr) (I n, Ga) (S&P021; {Cu(Sel 3u) (SsBu)(1n, Ga)(SsBu)21;

el 3u) (@éﬂamw(prqpe@ag ‘r(hgergm:geposmon of the precursor on a substrate, such as for
making thin film solar cells. A polymeric precursor may have enhanced solubility in

COPPOOPPPOOEEEPOPP

(GO NN 0]
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{
{
{
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15  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
be enhanced by variation of the nature and molecular size and weight of one or more

20  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.

In general, the structure and properties of the polymeric compounds,
compositions, and materials of this invention provide advantages in making

25  photovoltaic layers, semiconductors, and devices regardless of the morphology,
architecture, or manner of fabrication of the semiconductors or devices.

The polymeric precursor compounds of this invention are desirable for
preparing semiconductor materials and compositions. A polymeric precursor may
have a chain structure containing two or more different metal atoms which may be

30  bound to each other through interactions or bridges with one or more chalcogen atoms
of chalcogen-containing moieties.

With this structure, when a polymeric precursor is used in a process such as
deposition, coating or printing on a substrate or surface, as well as processes

involving annealing, sintering, thermal pyrolysis, and other semiconductor

13



{ Cu('S13u) (S1Pr) (I n, Ga) (S113021, {Cu(Sel 3u)(SenBu) (In, Ga) (SenBu) 21;
{Cu(S13u) (S1Pr) (I n, Ga) (S113021; {Cu(SnBu)(S13u)(In, Ga)(S13u)2};
20{ Cu( SerBo)20Bal1213p (| n, Ga) (Sel 3u) 21; {Cu( S13u) ( Sel 3u) (| RCEA)SEBONBWSD 1
{Cu(Set Bu) (StBu) (I n, Ga) (StBu)21; {Cu(SnBu)(S13u)(In, Ga)(StBu)2};
{Cu(SesBu) (Sel 3u) (I n, Ga)(SetBu)21; {Cu(SetBu)(S&Pr) (In, &) (S&P021;
{Cu(S13u) (S1Pr)(In, Ga) (S1P021; {(1.2 Cu)(1.2 Sel 3u)(SenBu)(0.7 In,0.3
Ga) ( SenBu) 2danudRdih %rc@e's)séslus?e o%k%@o(ﬁi&lu)p(&ur%érs b QbR G oSh 2} {(1.5
Cu) (1.5 SeHexyI)(Seﬁe 0.80 In,0.20 (SeHexy1) 21; 40.85 Cu) (0. 85
Sel 3u)(SenBRf)a(SGmIFOFCFPCtWBHCbﬁ)I(TQ@ﬁTBE)21 {(o 9 Cu) (0.9 StBu)(StBu)(0.85

o 0ol S 3l O ROACE 0 By (o) 21

St Bu) ( Set Buddyentagonsty 0c $0d @r¢@eteBipr 2dlar epds that @Q)d(a(dd%n@@lﬂﬁuwzet&nBu) (0. 600
I'n, 0. 40 Ga%r(ségﬂi'ﬁggt- «(40. 835 Cu) (0.835 Sel 3u)2(0.9 In, 0.1 Ga)(Sel3u)21;
{01(513832( . 0.2 ) (StBu) 2}; {Cu(SAu)2(0.75 In,0.25 Ga)(Set1301;

{ Cu( Set Bu) ( S&Pr JHoDex6Tpla tH@.uSSo el Bectit 30 rsof B¢ SebBUF(©Ss Bu) (0. 875 I n, 0. 125

&) (SsBu) 21; Set Bu) ( S&Pr . 99 0.01 13021;: )
o B ¢ ST Bt S5 it o N BEUER e sty 1.
5{ Cu( Ses Bu)rzag.a(ese*m)ﬂzdgen{cﬁmaﬁt@umicn(lcsrcﬁimﬂpou{mz(nstnme)rmsn@saau) 21:

o s A P oA R b B S PP S b PR Rl (St Bu) 237 {Qu(S

{Cu(SenBu)@ﬁekagmGa(SetBu)21 {Cu(SetBu)(SenBu) (0.5 In,0.5 &) (SenBu) 21;
{ Cu( Set Bu) ( SenBy 75 | 0.25 Ga%j SenBu%Zl; §Cu(utBu 2(0.75 In,0.25
Ga) ( S13u) 21; 10{ %“f%ﬁ‘j HPENES, f ROIMETIGRf g G GyRound conta

Se( n- peghatddonidom anl hdoBnila e Bor
ESeE n- IElexy?é)%e%n(SenBu (lf) 7ngtl n, 0. 25 G)S)E%ijnwg‘g%ﬂ o MBI
( S(n- hept y1) X BRIBRSORoasroR cempun sy afyantgeously ggntain linkages
{ Qu('S( n- oct el deh FHdRM) fRer® tHeMinRagks FR)IESHaB)fdnd 1ﬂ§'ﬁﬁtér1@kof(if9t@i@§t' §ichg one or

more conpounds above and one or nore carfiers. The i nk above wherein the

ink is B soiswGlen regteriahavidddnmpeerivd san be mgdediogniie eolymers aiecursor, or a

combination of polymeric precursors.

{Cu
{cu
{Cu

The polymeric precursor compounds of this disclosure are stable and
advantageously allow control of the stoichiometry, structure, and ratios of the atoms
in a semiconductor material or layer, in particular, the metal atoms.

20 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
metal atoms. Polymeric precursors having different metal atoms, and different
numbers of metal atoms can be contacted in precise amounts to control the metal atom

25  stoichiometry in a semiconductor manufacturing process. For processes operating at
relatively low temperatures, such as certain printing, spraying, and deposition
methods, the polymeric precursor compounds can maintain the desired stoichiometry.
As compared to processes involving multiple sources for semiconductor preparation,
the polymeric precursors of this invention can provide enhanced control of the

30  uniformity and properties of a semiconductor material.

These advantageous features allow enhanced control over the structure of a
semiconductor material made with the polymeric precursor compounds of this

invention. The polymeric precursors of this disclosure are superior building blocks
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The i nk above wherein the ink is a slurry or suspension of the conpounds in
an organic carrier. The ink above further conprising a dopant or alkali
dopant. TWe 2onkniaiseve further conprising addi ng an addi PCOMABR010/044055

i ndi um cont ai ni ng conpound, an 20 additional galliumcontaining conmpound,
or a nol ybdenum cont ai ni ng conpound. The ink above further conprising one
or nore conponents selected fromthe group of a surfactant, a dispersant,
an_enul si fi@f send&ondidibr hASINGEALE Hey nﬁyqlfwe,auﬁmylévk%omr@i dJresin binder, a
t hi ckener, a viscosity nodifier, an anti-oxidant, a flow agent, a

pl asti ci zersen%p%@m@tmwr@y agent a crystalli zation pronoter, an extender,
a film condit i onge poRfeASpRANEsicORpARAIRLAposiAAdat Hifiods Uit nk above
further conprising one or nore conponents Sel ected fromthe group of a
conducti ng Cbmlqzsmrmaycﬁcblpwehremnéprecw@nnurni efdheitoicljemetiig mtiveplametalzi nc net al
an al kal t ' alt, a

sodi um c éhal c{))rgée nl:jiotq'gxaﬁ}laIh cc{];ﬁen%q%'?a cetéltgse%g%lzl?i&?a% %&lﬂﬁ?éﬁﬁe?}gée@l%%dm um

sel eni de, C\arﬂlmuumerezlompomruﬂe,,to raadilypnepart & lager, frarmaihighm (866 emitatigls of ndi um

30tel luride, %%1 Lium 1cH{o];nie C rgtfal I |d.1m selenide, galliumtelluride, zinc

sul fide, zi né’ 4 r?ﬂl de,"2i%ne “el1'ut de, copper sulfide, copper selenide,
copper telluriddn cermhrynclem,umlsmbm precursub kytbplendneas ek @midde fornol ybdenum
telluride, and m. s of any.of .the f 0 A .nmet hod for.npaking a
brecur sor compaes Tl RgY nSprbiau B e EDHBS S R =R 3 B
2(E-, 3 1) BdbbdiéitR)f thia it eltjonatuit faahdr pepviRerienoniyingcRnpRuitds; wherein MBi
isln, MB2is %a MA is . Cu, each Eis 0 and. R | s i ndependently
5 sel ected, m‘l“l‘} QU Ry BRI RTPROE, tOFPIE?ﬁfeatihR?FIrma%Wn PFROCEIREIY1 , al kenyl ,

am do, sil ygjeml@ﬂgludtd}qlﬁag@mc and or ganl c ligands. The net hod above wher ei n
MB1 and MB2 are both In_or both . The met hod above wherein the nononer
conpounds are cohe®estedl this llaveﬁv%é%%mﬁflly(ﬁéﬁ)a@iw%un@&?léwﬁgn UgBAL i ng, or

printing. The ri@nhﬁ%r@%&%lﬂp@%gﬂieﬂcbﬁgur@&%@ Sug@mpounds are contacted at a
tenperature of from abou to about 10100 C, or fromabout 0 Cto

about 200 C. A d@ﬁ%@lﬁh@nbﬁé‘d@enﬁﬁysﬁafﬁﬁ%@g§t®bﬁﬁ9ﬁﬂ%ﬁ ¢ beawde img nononer s
M ER) 3, mﬁ%é@e@’ OP%ﬁmgaapfélﬁvbl 1d %@ﬁgﬁ&tqsiﬁgﬁ% Iﬁ)(l:}tn%g g pfréa{lrsglaCh

occurrence, fromalkyl, aryl eteroaryl, keényl", , and
i norganic afrvdilp@wgbﬂnd;dbmlg?aw@ss ofthie dseapoind above 15 wher el n I\/Bl and MB2

are both In. i . irical
formula Cux(Ini e @8?&2&?%}31%@@ 1\%1?{5%\5/?/&18%%?%1%%%%??%&3%.lrgg?lof .5, yis
fromO to 1be%edmmnmmr@ethaﬁ81q plvpairssehricnmd@c:t@ rhagerial S Fonwpioseskgsom 2 to 6, and
R repregent. [ f whi ch r

i ndependent yol?glg 9%?%1(;@% meric %&cuf & %elcorﬁ]ho\ﬂ?cﬁ d%)a nof’suéﬁmﬁi ca%am do, silyl,
and |norgarprowamblmogmmngrahlegtalbylmmg'hm é%@nmerpﬂmnd of above V\/nerel n xis
fromO0.7 to 1.2, from0.9 to
1" and wis trkpbmshierenn sdmiuulut R ORe of fistih s 0 o 102,
y is from OprbeidOerhanced ipockds ety far sblar dell ptodui:‘udn and wis from3 to 5. The
conpound above \ﬁ]erelnx is fromO0.7 to zis from

0.8 to 1, v is LCraR@OWMeLC PrgHpey. °§mp8mﬁls 3nd %NQSIHP?S Orcpﬂgs é‘@)“r]r%ufesl ng one or
nmor e COoPPOURESEdOihe abilks; td 88 procReel ARAMB/cly low temperatures, as well as the ability

to use a variety of substrates including flexible polymers in solar cells.

Embodiments of polymeric precursors for CIS and CIGS photovoltaics

Embodiments of this invention include:

30 A compound comprising repeating units {M*(ER)(ER)} and {M®(ER)(ER)},
wherein each M is Cu, each M® is In or Ga, each E is 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. Each E may be sulfur or selenium.

The compound may be a CIGS, CIS or CGS precursor compound.
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deposited onto a substrate. The article above wherein the depositing is
done by spraying, spray coating, spray deposition, spray pyrolysis,
printing,weepaan7e6i nting, inkjet printing, aerosol et PpTiusténg4405Hk
printing, jet printing, stanp/pad printing, transfer printing, pad
printing, flexographic printing, gravure printing, contact 30printing,
reverse printing, thermal printing, |ithography, electrophotographic
printing, electrOdaRRuhd Etbrishled&b bPRbARLLRGinElBE VOl ESBED! ahd R bath
deposi ti on, coatlng,.met.coaélgg7 spin cpatlngﬁ,knlfe cogting, roller
coating, rod newaraPeRiinganist (MiERYERY mdicreivespelt Maris evesnd, 19 inpr fier ect
coating, capih kAl Y scOfMtNshd dabiflkiCindERARMY MoctAOtMLiRRARRASI tiON,

| ayer - by-1| ayer deposition, spin casting, solution casting, and conbi nations
of any of t by eiyh dictemaey Latkenyll emidboulel, aibinerigpnie el argdnad ligands. i s sel ect ed

fromthe group ¢ i ﬁ@q j BrpSidphcon, gal |'ium
arseni dgs, i nsul é%%@ns@%gﬁi gs ) Hﬁ‘%ﬁ%}ﬁé@rﬁﬂﬁ‘qﬁ)‘ggﬁgﬂ@w?g MdgEgj‘;éé%? titani um

di oxi de, zi wiereiricabd,MSisIGuc cavh('t is ilidler, Ga canbtEais S, Se, weTaland eich R ispl ybdenum

al um num beryl | iu adni 5 ceriu chr.om u obal.t .. copper, gallium
ol . 1 e, Mot TR, bPbash e hethp S AT OB kR e um
rhodi um sidmide, silglt aidnh@gmisimelelrgangtl@ahds. i ron, strontium tin, titanium
tungsten, zinc, zirconium a netal .alloy, a netal, silici net a

car ot der” a” oty PSS SowPuiF g Ras ey Bediles ar EREEE M wor . @ pol yrrer
bl end, ® po|M&ERY(ERNE whercepfatihm*at ey, cactpoif yciarob Gaadach Eas HFcy@siteer, a

pol yester film 1Qnyl ar | yvi nyl fluoride,_ polyyjnylidene fluoride, a
polyethyleﬁ@?e&jg%Fyg%ﬁgﬁkﬁiﬁggmédﬂgyﬁﬁgﬂ@WgﬁW?oﬁgPaéxLﬁ%@etherketone, a
pol yi m de, @tp&rylyilRetyC @i, A8/l -2 iedaylcanll bidahie libaddadi ene styrene pol yner,
a silicone, an epoxy, paper, coated paper, and conbi nations of any of the
forgoi ng. The arltfEPBPABEGRONGEIEHhE RemRyBd hrsdheemririgal aMEd substrat e

i ncludi ng act uhe,Gad), @Yl 5aser, wirifk iefom 8.5194.5, RisRidh 0 & 8haf tom® Pl ane, a
15pl ate, a bl ade, a vane, a curved surface or a spheroid. A nethod for

maki ng Eh aetl glsdron fé torbphwéb EARBie @iang R reriysepi fvgreimgefortechdpergor e

compounds Odfr%MKﬁuﬂﬁé%hipﬁQe%&%ﬁ&fdelgtgf)se%&ge{ i‘rgﬁﬁﬂcyﬁ aAHORIEANR; and (c)

depositing the conpounds or inks onto the substrate.” 20The et hod above

wher ei n st epkqug), aingloy slybanéorgrhie apdoiganic s f urt her conpri sing heating
h b .
the substrate atTh@c&@H&ﬁlﬁ%We%h%‘;enﬂ%ﬁ]ogpﬁzﬁ%%ggggg@ﬁ@ﬁ%é%o&rho convert

t he conpounds or 1n to a material. t er conpri sing
heati ng t he0.5ubkivriafrem&t9 ta 1tleaplew at fiere 2 ¢f 6.f Flomoatpowtd ab0@Cvhaciabout 400C to
convert,t he. c nds._or. in jal, foll d I atjng step
(o i ner 8P To & T el S O TPl @ ke P & i P &7 ey

heat i ng t hecostposid @oec wheraintxasnfrematod.nf if ramab001z 83GOG G.vtcabeut 650C.

The net hod .above furthe onprising heating the substrate at a tenperature
ot fom aboh HE0EE LSt R05E PErEaHL Rt I BIRSEIREEE Toke To a
mat eri al , adudicenrie@uiongnridied fBte rihalcobyolndabbvegviichen sidhsihpaing iedn a

tenperature of from about 300C.to about 650C. The net hod 30 above further
conpri si ng lﬁﬁréf“?lﬁgég’ﬁ%r L GBLLPAT Y BTt Eﬁ%%ow ahgve phgisndBout  100C to

about 480C dognpo@iVie lihcdr, BariREI Bylie Sor @mik fiksSoftafy af MBFREdodlg, THEPOSi ting the
conmpounds or inks onto the substrate, and annealing the material by heating
the subst r ato8Petndabogs R s GRE Rofs RdeppRdsnbLI B0t ek peryirersoitom

(C1-8)alkyl, (C1-6)alkyl, (C1-4)alkyl, (C1-3)alkyl, or (C1-2)alkyl. The compound
above wherein the compound is an oil at a temperature below about 100 °C. The
compound above comprising three or more repeating units {M°(ER)(ER)}. The
30  compound above comprising three or more repeating units {M*(ER)(ER)}. The
compound above wherein the compound is an alternating copolymer, a block
copolymer, or a random copolymer.
The compound above further comprising the formula (AB),, wherein A is the

repeat unit {M*(ER)(ER)}, B is the repeat unit {M>(ER)(ER)}, n is two or more, or n
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The net hod above further conpri sing: (d) heating the substrate at a
tenperature of from about 100C to about 400C to convert the conpounds or

i nks to awoabavaiad3p (e) depositing the conpoundsPor/USRkS/ 086D t he
substrate; 5(f) repeating steps (d) and (e); and (g) annealing the
material by heating the substrate at a tenperature of from about 300C to
about 650C. The net hod above further conprising: (d) heating the
substrate af t}@eé&rﬁ&% ahyREs i‘ﬁﬁeﬂeﬁ%l??&éﬁtedlﬂ)@@a&l%c&m%ﬁ&e #BRGILP to convert
t he compounds or inks to a mater] al ( anneal i the ‘material by
heati ng t hearglubderpgyk alkenya aﬁé@ﬁaéﬂ)ﬂt%ﬁ@%ganﬁa@ﬁw&%@ﬂlg@@gcm@ about 650C;
and (1)1 RSO SepIntehund P el HiSeIRLDAaDOve Fur her

conprising an optional step of selenization or 15sul furization, either

bef or e, durﬁRﬁgz BB(A;H)E éREhr@(Aéit)é%a (R B¢ ABBEA B, EHneBARBB. An article nmade

by the G dev, bove.

A materi aI wﬁgﬁ/&ﬁ%%ﬁgq?%ﬁ(ﬁ%or rrul aeAﬁ%(lﬁﬁ%Aggﬁj?F{%B (R%(%? wherei n X
i's from 0. SREy-BH(AYBBR(AB)RNMRE)+@)NWARBBEBI(AB)Lf (REM-B(8B8).L, v is fromO0.5
to 1.5, and @BAE?%Tl 5to 2.5. The material above wherein x is fromO0.7
to 1.2, vy |(s T 0 0.5 20and z is from0.5to 1, vis from0.9 to 1.1,
and wis from1l.5 to 2.5. The material above wherein x is fromO0.7 to 1.2,
y is from0Otg 0.3, and z is from0.7 to 1, vis 1, and wis from1l.5 to
2.5. The nmatefial pbove wher inxis from0.7to 1.2, yis fromO to 0.2,
and z is fro 0.8 to 1, ﬁ and wis from2.0 to 2.4. The materi al
above wher t he, ter|/ is\la sem conduct or. The materi al above wherei n
the materi al
conpri sing

A method for making a material conprising,
(a) providing one dr nor ompounds or i nks above; (b) providing a
substrate; (c) depBsiting th¢ conpounds or inks onto the substrate; and
30(d) heatingMhe substrate/at a tenperature of from about 20 C to about
650 C in an inert atnosphere, thereby producing aymaterial having a
thickness of ffrom0.Q01 to 1G9 mcromgrers. A thin\filmmaterial made by a
process conprfsing, fa) pI’OVI(§I ng one r nore goenp unds or inks above;

/ NG BJ
MZ M2 MA\ /M\

R R R R
10 p
B B £ B
MA{ \MB/l ™~ MA{ \MBz/
DN N NN
E E E E
R R R R

(XYY YY) ABIABZABS XX

(RE)>-BB(AB")o(AB?)n, (RE),-BB(AB"),(AB*)n(AB"), and a mixture thereof,

15  wherein A is the repeat unit {M*(ER)(ER)}, B is the repeat unit {MP(ER)(ER)}, n is
one or more, Or n is two or more, or n is three or more, m is one or more, and p is one
or more.

The compound above wherein the compound has any one of the repeat unit

formulas: {Cu(S'Bu)(SPr)In(S’Pr)}; {Cu(SBu)In(S'Bu)};
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(b) providing a substrate; (c) depositing the conmpounds or inks onto the
substrate; and (d) heating the substrate at a tenperature of from
about 20 wotoliab@mss 650 C in an inert atnosphere, therelpgTAseadooi4sgs a thin
filmmterial having a thickness of 5 from0.001 to 100 microneters. The
thin filmmaterial above 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. A

et tyéémmﬂw“)mm%} S S 1.5, y is fromo to 1,
and z is fr%\)m( Bu Z@e@@ (SR {ErEHBo)EBudsaSBusbknd wis from1.5 to 2.5.

The phot ovol é@s@B@mwﬁ@ }aQ@M@yrjgra@tﬁu)x} eyl m et 2 v 1s fromo

to 0.5, and Wlsfrom15to
2.5. The ph&%&@u)éﬁe@rﬁtlféb?ﬁér {@M&Bu)ﬁﬁ@mﬁn@ Buils from0.7 to 1.2, y is

fromO to nd sfrom15t025
él 2 Szeljr Eéeqiﬁzg {%\»& ’(S yr)G S'})]r) and w i

The photovo sor abo |nX| OomO0.7 to 1.2, yis fromO
to 0.2, and{Cu(3&BiETPBiSEBu0}; ]{Cu(ﬁB@(SiEr)Ia(SéPrW}; s from2.0to 2.4. A

phot ovol t ai vigl or ber above. A systemfor
provi di ng efcegﬁgr g umélﬁéoﬁpa(rssr nZ(% aBul );a(ltsovo]b?ar c device above. A nethod
for providi {@(SB&;{S&‘B@M(S@B«W} {Go(rSp‘Busis‘rﬁ!g)(ErsSth)za, phot ovol t ai ¢ syst em above
to convert C A nmet hod for making a
phot ovol t ai {:é@%igbl @E”)‘ﬁ%@@r% {adé‘(ieun%@%ﬁuém&s&%%}sr ng, 20(a) providing one
g(ra (r)n;irteil(}r:]onmmsreﬂrsu)cﬁelﬂrr])lk(scelrabf}vecu(SetBu)(s Bu)Iﬁ@)B?g}g;/; di ggda subst r at r(ad)(c)
hegtl ng tﬁe (Sﬁ%%]?‘g&og) ﬁa@eﬁfﬁp@@%ﬁ@g&r@mhbout 100 C to about 650 C

in an i nert{@t(gfggpglpggn gay(grpgpy {gﬁ@dygg(n]gg@(mg;}ovol tai c absorber |ayer

25having a thi ckness rs. Enpirical fornulas

of precur sofCUDRBYI r?ﬂ%(ln Ga)(S Bu)ZTh{rCél(%ﬁ %‘quﬁs]%}r)@n EPE§‘? Basha range of

pol yneric p{@ﬁ@BﬁgS&ﬁ@@fﬂ%ﬁ(@@Bhﬁ}"{@Qr(ge%)@'”Bmﬁ eafisBhgient netal atons and
chal cogen at ons In certain aspes meric precursor conpound

cont ai n& met@(SaBwHE Gahts B oimnsCep B@ﬂﬂ&ag@ uxd: wel | as conbi nations

t her eof AnY{é{f(Sétﬁ'l%ﬁ?n @@%@ﬁgy%@ﬁsgﬁﬁﬂ§%ﬁ(ﬂl 8REsdr),or e atonms sel ected from
atons of Grou one of .nore |igands. A
pol ymeric pf@rﬁSﬁ%@(SSB@m&ﬂ)@ Bray): eu(§cBulSe RD(IsGmpsind}; or an ionic form

or have a ¢ C .ments, an ionic form
of a pol yrre{@{gggg)é%gg@%?é%(g%o}ogghﬁa%%gg%thg (ﬁP@B&ﬁ%ﬂ@Lﬁ nt net aI atom or a
di val ent ne{%i(StBulﬁSiPE)@n@aMSEm}er{CD@HB@@S @@Kly@D(SiBupﬁecursor conpound may

cont ai n,at o e h t up 3 through G oup
12, B, %(fl @1@7 hu)?%eﬁlu)én% E'é):%f a{&s) Stt%?&e u)& 8)?%“9)%@ of these atons
may be bond&(dl(sﬁlo(ﬂéBm)(Inrmr)(é m@gn&:ﬁﬁ‘]&@(ﬂ@t)(ﬁﬁ Gm)(SiBams, of Goup 15, S, Se,

cont i at one PR Th GATR B AR Ry s Bb 5 v " g, B, AT

Ga, In, T, {&Si(SBEESPSIn,GRSPaRd Bi. Any of these atoms may be bonded to one

or nore at O{rflzéh@?ts%% f){ ‘%u%O%MG&S%”@u)ZS S, Se, and Te, as well as

one Or nor e
25 {(1.3 Cu)(1.3 S'Bu)(S'Bu)(0.85 In,0.15 Ga)(S'Bu),};

{(1.5 Cu)(1.5 SeHexyl)(SeHexy1)(0.80 In,0.20 Ga)(SeHexyl),};
{(0.85 Cu)(0.85 Se'Bu)(Se"Bu)(0.7 In,0.3 Ga)(Se"Bu),};
{(0.9 Cu)(0.9 S'Bu)(S'Bu)(0.85 In,0.15 Ga)(SBu),};
{(0.75 Cu)(0.75 S'Bu)(S"Bu)(0.80 In,0.20 Ga)(S"Bu), };
30 {(0.8 Cu)(0.8 Se'Bu)(Se"Bu)(0.75 In,0.25 Ga)(Se"Bu),};
{(0.95 Cu)(0.95 S'Bu)(Se'Bu)(0.70 In,0.30 Ga)(Se'Bu),};
{(0.98 Cu)(0.98 Se'Bu)(S'Bu)(0.600 In,0.400 Ga)(S'Bu),};
{(0.835 Cu)(0.835 Se'Bu)y(0.9 In,0.1 Ga)(Se'Bu),};
{Cu(S'Bu)x(0.8 In,0.2 Ga)(S'Bu)y}; {Cu(Se'Bu)»(0.75 In,0.25 Ga)(Se'Bu),};
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In sonme enbodi ments, a polyneric precursor conpound nmay contain atons
selected fromCu, 2Zn, Ga, In, TI, S, G, Sn, and Pb. Any of these atons
may be 15wbendéd7i36e one or nore atons sel ected from at omETAS2G00OWPSI5, S,
Se, and Te, as well as one or nore ligands. In sone enbodi nents, a

pol ynmeric precursor conpound nmay contain atons selected from Cu, Zn, G,

In, TI, Si, Ge, Sn, and Pb. Any of these atons nay be bonded to one or nore

chal cogen a{@ﬁ@eB@gseVﬁ: (. 6@&@3\@@9)@@@52? ligands. 20 In sone variations, a
pol ymeric precursor co contain atons selected fromCu, G, and

ou
In. Any of {%g@@g%ﬁ@n&ﬁgﬁ Igé. lﬁéﬁ:@é@ BRuglbne or nore atoms selected from S,
Se, and Te, @lﬁsé”@&Ee@?)é@@@lxp(fof@ﬁ)?sé‘#rg?nds Pol ymeric precursor structure

and properties ( mer’’c precursor conpound of this disclosure
is stable a{C%&BuE&Pr)(OeWﬂ@JO@O@%(S‘PF)@] yReScBuplnseiBsbl;s can be used for

pol ymeri 5 bl B Gk Py e RPN St o1 chi omet ry.

structure, é(ElrﬂSe;‘lau)h(MSﬁBu)zar{lCm(%mt)ﬁ}asSaBu)ﬁ hEd(8iBuRIn(SBaykr , or

sem conduct m of this invention may be
solids, sol fgdlése Bgﬁé%@a{n&eﬁﬁu)ﬁg% (r%p A fégd}ssem solids, flowable solids,
1g:gum;, o[ ru{(bESe“B?KSeB@Ga((ﬂ;stBuQ} ﬁﬁuswﬂd)@amm i)]n(]ﬁqm)(SEB@)tz} anbi E% i t
enperat ure I r odi nent s
of Thi o d srustpuREpRL D AR %35 Beueé&%ﬁ%ﬁe@ﬁn@%’%ﬁ%}evat ed from
anbi ent 1can{QBuEE. Slager GOXS'Bipgessability for production of solar cells
and other p cts ced ability to be processed on a
vari ety of é‘ﬁg PQ?IE§§X¥\F§‘:3W&(?§&$§@?QB? Buggbstrat es. In general, a

pol ymeric p{@gsg(mexyqp@pmux@ ﬁgﬂobgmg(gg%§$d t hrough the application of
heat, |ight energy to be converted to a

Smaterial {%W&dﬁ%{ )HS%P@&%‘H@@% Qla)(%ﬁl{é}alaéfi In these processes, a
pol yneric p{@gwns&{ylﬁ@@%mnl@qd@,; EPes),a transition to becone a material.

The conversion of a polyneric precursor conpound to a material can be done
in procksses kne‘\mnk ﬁOfflleél%rQne opBolgedompawnds RROVE GUE P BRBS SEHCTHE t hi s

di scl osur e rnbOMIR ISRl nd Ak d YRR LPhe mﬁg@ fSh oA dgicpr ocesses for

maki ng 10opt oel ectronic nateri al s. | ow n e synthesis of a polyneric
precur sor cbrpalumye wherctidhpoliid fdlaw @esu@@p%@ efdlic cosmoaydsdn aor printed onto

@ subst 1 at & by A AUSH TBRDBove ARKP LM HRiRTa JD BPLIPH G PABE SO

conpound to & material can one dur ng -or rocess of
deposi ti ng, abope Buythergromprisipg addungrvg aﬁﬁmommmomﬁnngMpMMr ate. 15A

pol Yo i UGG Tau RN eb 0 P SLSBO SN BALSL L Lo
or bel ow abbutinR@fdvEfurther dmipmmmgbmmr rﬁ@l@ c@npaienth edlaedafbon the 22pGf or bel ow
el ude ol BRREEN o0 AR & REND T B BuEBrRE Tty at (VS Bl ow about
100 C. I n cighdedlathBB@RE hviscdsity modifier, an anti-oxidant, a flow agent, a plasticizer, a
conductivity agent, a crystallization promoter, an extender, a film conditioner, an
25  adhesion promoter, and a dye. The ink above further comprising one or more
components selected from the group of a conducting polymer, copper metal, indium
metal, gallium metal, zinc metal, an alkali metal, an alkali metal salt, an alkaline carth
metal salt, a sodium chalcogenate, a calcium chalcogenate, cadmium sulfide,
cadmium selenide, cadmium telluride, indium sulfide, indium selenide, indium
30  telluride, gallium sulfide, gallium selenide, gallium telluride, zinc sulfide, zinc
selenide, zinc telluride, copper sulfide, copper selenide, copper telluride, molybdenum
sulfide, molybdenum selenide, molybdenum telluride, and mixtures of any of the

foregoing.
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pol yneric precursor can be fluid, flowable, flowable nelt, or semsolid at
relatively | ow tenperatures and can be processed as a neat solid,

sem sol i dvonreatoifizewabl e nelt, flowable solid, gum rublperAiS2ke/g®55d, oily
substance, or liquid. In certain enbodinments, a polyneric precursor is nelt
processable as a flowable nelt at a 25 tenperature bel ow about 200 C, or
bel ow about 180 C, or bel ow about 160 C, or bel ow about 140 C, or bel ow

about 120 C, or bgl@wy aPomkinkQQreursdf cdfotid @Rgikin80 C, or bel ow about 60
C, or bel ow about 40 C. In song variations of this invention, a

uni form thin fi laPevidngsaempmsr sannonadsivs GR e.dYip Gi s M WERY e a
sel f-heal ing fiﬂﬁk&ﬁ&%ﬂgh§r&ﬂﬁ&ﬁﬂk&ﬁmQ&ﬁ?essab|e 30to a material or
A po i

sem conductor |ayer. . Llymeric precursor conpound of this invention
can be crysvkdr¢ine ovlnaMoripheul ek cedrE beS, SolonBr.eand R iy tndepudentlyn- aqueous
sol vent i [ | . | i gand
Fragmonts, SRoSaD: e S o ARCHE RSP, WS o

condi t i ons, inateanie it drygwii/ligaols. The mpdrodtaboesyheaaia M herd¥10T e potbi de a facil e

rout e. to Coonr\f)eo{htGa{. hﬁle%)ét%qlea%?\(f:et re%fclrlf hse(%n(rjontor%era corrngbg[o%rrlds%lre cO ! fa%t%anmc'g nd.UCt or.
The |igands, or sSone atons O e I'rgands, may De renovableé n various

processes, prockich degositéret girayingetdaads, of printthep The tiethg(d alsgie ahicregn thand

printing, as well as by application of ener 5Thes dyvant ageous features
11 ow emhanBelbTiss AEPRIMGUET S I b GrmpPE sy Sl QR A UG DP Tt er i al  made
w th t heo pologrrer bcfrga elsue 8 oC tcapproods. of this invention. Polyneric
precursors for sem conductors and optoel ectroni.cs ( MPP OThis invention
provi des a rangéXSFm%HPiﬂﬁ qu%Wﬁﬁﬁgg%mﬁ§F@&??HW%@&“%%%%%@Kgﬁ ns, and

nol ecul es  hai(pR); ! s M ERR el HEY M4, MBtAG2, AIORE Y, each E is BISS 6iME

enbodi ments, a polyneric precursor conpound contains atons MB of G oup 13
sel ected frbimPEshR &ngdqpgndently selected, for ga¢h oecusisnsentipi@lkyf. ebtkrhsiFoadnpounds

further configingl ARNRYAlERhd MBERhic had SleB 1iMA T IEhcoRYuliS b The

polymeric precursqrs of this disclosure can be consjdered inorganic

pol yrrer §5 orWkeseip 8 naed ¥in™ ge byther.sThe compoungpboysoyfarein ithe goppewnddBi s of this
di scl osure {RYmBieic4ISHhARERL A, Idb did [ SL Bl WaYSy x iSkaodid i 8rgnt formul as
to describe th%pggne struct§§?; Qggﬁboéﬁﬂ%hts of this inventi%n further
provi de pol yerePite Lrie&ramdapd, Y kdtonc@h thbSdesdrinbad @ond\B represenin &t i ng
addition co, : - [ ey isin
gener al coH%géﬁgaﬁﬁngg%ggfmﬁg??@ﬁggghg&%?ﬁ%ﬁgﬁ%%%%g¥gﬂﬁgggﬁkyggg’B are each
derived fr omylahsteonowerlkefheanridpedt!, andiinasgahicand oBanmyigatdsoThe referred to as

b1, PRPCTEL o] OBHA, A, REL %, 5. L 8,81 RORPED e 0 erent
MA(ER), whev B fidk 0.9 taQul, and w is from 2 to 6. The compound above wherein x is from 0.7

to 1.2, yis from0t0 0.3, zis from 0.7 to 1, vis 1, and w is from 3 to 5. The

compound above wherein x is from 0.7 to 1.2, y is from 010 0.2, zis from 0.8 to 1, v

is 1, and w is from 3.5 to 4.5.

25 An article comprising one or more compounds or inks described above
deposited onto a substrate. The article above 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/pad printing,
transfer printing, pad printing, flexographic printing, gravure printing, contact

30  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
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The nmononer for MB can be MB(ER)3, where MBis Ga or In. In a polyneric
precursor, nononers of Alink to nononers of B to provide a polyner chain,
whet her |woearyo1e26l i c, or branched, or of any other shap®&/ustéan44vas 30
repeat units A, each having the formula {MA(ER)2}, and repeat units B, each
having the fornmula {MB(ER)2}. The repeat units A and B nmay appear in
alternating order in the chain, for exanple, ABABABABAB. In sone

embodi ment Sef 4@y BRIY E@galﬁg pf&cavﬁ&@abov@ma@ﬁs%éﬂguwtﬁa&%gelartéar@onmesel ected
fromG and In, where the different atons ap loear in randomorder in the

structure. SR Mwwn@cwmgwenémﬂwwg igep, gAliwn pisgEde i on may be made
W th any Sdgsjif&d, gﬁés@lrﬁﬂwdzﬁﬁrmglaxxg gmc&fecﬁ&a&é u%agluﬁmoﬂa@%e oRfdedi ff erent

Goup 13 elenents and their respective ratiods. The stoichionetry of a
pol ymeri ¢ pilongude, @@m@émetmﬁyﬂ treolglsienym) alhémnmmbmdhum rredmymsent r at i ons

of | TONOMP S, GEARAL, Bl Yob r! B DE JBRL BT BORLS nfyLblRPr ecUr sors. A

pol ymeri'c precutsor corpou e desiT e storchi onmetry
wi th respecticleh pateslivm pireinuipf rhdmlﬁmelﬂledlum(}lkyap stadlosd gedrrtes], anu 10t hei r

respective J.at this scI 0S r VI des
pol ymeric pr eg{ﬁ‘%n%cglrnsmv\ﬁumh&ngsgenl ?118? Zgﬁ?némﬂﬁ‘ a?tfllceiarln amé{al clp “ion copol ymers

havi ng one métaltdaﬂndeoh bdmagaﬁhsmmhamdﬁcﬁvhrpoumr h&opoliﬁﬁoa pulymerl: Fornmul a 2:
Formul a 3: Forrml

Forrmlafhaﬁ: 20 Fornul a 6: gorrm a. 7. Farnmula 8
For mil a o Bt Pavaby o5 Tnflls er) bl dpoy P ot fuf gL S
(RE) 2- [ B AB)ﬂrlbr, éBE])meHfBAth]po(yREl)/HddﬁB(ﬂﬁ&)ide éﬁﬂ)&hﬁér&@ f)(Byetherlmlde
(RE) 2-B(AB) A ' tjoqulz o E t 1&& a 01 n ?cﬁlog’EA) nS(BA
cYche(AB) " TRAHIE  RRYD D HES IeARBPY! polyviny
acrylonitrile butadiene styrene polymer, a silicone, an epoxy, paper, coated paper, and
combinations of any of the forgoing. The article above wherein the substrate is a
shaped substrate including a tube, a cylinder, a roller, a rod, a pin, a shaft, a plane, a
15 plate, a blade, a vane, a curved surface or a spheroid.
A method for making an article, the method comprising:
(a) providing one or more compounds or inks described above;
(b) providing a substrate; and

(c) depositing the compounds or inks onto the substrate.

20 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 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

25  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 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

30  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 onto the substrate, and annealing the material by heating the

substrate at a temperature of from about 300°C to about 650°C.
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(RE) 2- (BB) (AABB)"(AB)" (RE)2-(B)(AABB).(B)(AB),," where A and B are as
defined above, Eis S, Se, or Te, and Ris defined bel ow 30Fornulas 1 and
2 descri b®oizonva733er ms t hat have a counterion or count ePCONS20M00488HWN.

The fornmulas RE-B(AB). and RE-(BA)"B may describe stable nol ecul es under
certain conditions. For exanple, an enbodi nent of a polyneric precursor
conpound of Fornmula 4 is shown in Fig. 1. As shown in Fig. 1, the structure
of the conmpound 1gamdARdLEH G/ eshmpkiddre fornul a (RE)ZBABABB wherein Ais
the repeat unit {MA(ER) 2}, B is the repeat unit g , Eis a

chal cogen, and R hsatng hpabbiran agpapgsatdsiof fem @B@Il t0 abOUt 4PHG@not her
exanpl e, anto%gmgltﬁgaé&npg{m(g &gh(gggegh&egglecursor corrpound of Formula 5 is
shown in Fig. 2. shown in Fig. 2, the structure of the conpound can be
represented by t(h)eief)wtmgltheQQHE)OBBhlABBAMBthWbﬁt@W] A is the repeat unit

{ MA( ER) Bis [ R)2}, Eis a chalcogen, and Ris a
functi oﬁ%l 10grobqu§ét?&ﬁs?% E({e} ahd e')/%ﬁ In a further exanple, an enbodi nent
of a polyneric pgenucsdiog theoonthy bfatifp thawitatréte iata @hmwaturenofﬁrogl 3. As shown
in Fig. 3, the ruct he conmpound can be represented by the formul a
(RE) 2BA( BA) bﬁgﬁ)b élgel%n Aglbséthe repeat unit {MA(ER) 2}, B is the repeat
unit {MB(ER) 2}, Iﬁelnﬁ:t}a)d@ha\}ed‘oglmnpommmﬂg is a functl onal 15group defined

bel ow. ot her e n_enbodi ric cursor
conpound of Forr@ até“gtge Lﬁn%ﬁ f‘tr?%?‘?l%eratﬂreo 10} g\?\}t’fawﬁ%lﬁ%gago%m e structure
of the wpNPRUYLLhcaaie enpoeplises aikt et Mytetille f or mul a ( RE) 2BA( BA) " B( BA) " B,
wherein Ais the repeat unit 2}, B is the repeat unit {MB(ER) 2}, E
is a chal cogen, (ﬁ)r?ﬂg??%fl%ﬂ’ﬁ %%mﬁg@&fﬁ}lgz@e restige ateaft‘leﬁggatﬁgq Oin In a
further exad‘g@{lgooe@toedm@tcﬁsmtan@f a polyrreri C precursor corrpound of Formul a
10 is shown in Fig shown in 5, the structure of the conpound

can be represent @degggthg}féeppg})rﬁquldf{g)( BA)4 wherein Ais the repeat unit

{MA(ER) 2}, Bis Ithla%leﬂﬁ)ra%&vetmﬂtﬁer%&@@I%B)g%,opﬁowst@p chalaRaforand Ris a
functional group defined 25bel ow. %/msrl Cc precursor having one of

For nul ab® 1-®lfgrigption. citBerpglpre; duigrg eqriffer aélmgtea ophcating eicamnepling AB. The val ues
of n and m &adle RR4OBPE Abull aﬂareeAﬂhetogsl%@a&m%mgbgﬁ{atrﬁethéd%oyea' ues of n

and mare 2 or nore, mor e nmor e nmor e 6 or
nore, or 7 or rm“r@latecal h@w@g thmrreolrm@lrfognuiﬁ CrvrdheyG@Dv(SheS%}w, wherein xlin sonme 30

enbodi ”E”tsf{%{goéggl.@bfﬁs%rdnﬁ‘g £afe hf)’on%?d*%%éﬂoﬁ%%%l Endhd 1 on, or from

2 to about from toaout or from toaout 5000, or
from2 to aifmmtl 51000, Toe rrfareoaha:boveowlaﬂwuu 15000 0drtofl 2oynisXrann 0 &bd 6t 100, or

from2 1p a ZIS PQm t@ic' LG RO Y TE CanHRVelfé‘frroﬁPgs Poaj(%.“ﬁ%eonrﬁer%ﬁ Formul as 9
or 10 may be eclftar S|ze e value of” n fay Dbe tWwo (2) or nore.
I n certal n abamwheranx is frbva 0. Malllle g isoﬁromOamOandrzés fom0. oM ey isdr, 3 or m)re

or 4 or nore, Or 5 O 6 _or 8 .or 9
or more, orio okt i Tt slraned  itrostRr ! Bor hiPES and” 1o,
nis from 2ot abbiis Db 0.9t f,aM,2nl & iabont2.20,2.HrTHermmaerAl dyvabout 16, or
from2 to about 4, or flrom 2.10 abou 12 or Lrom 2 to_about., 10, or
wherein the' material 1s a semiconductor. The material above wherein the material is
25  inthe form of a thin film. An optoelectronic device comprising the material above.
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
30 (d) heating the substrate at a temperature of from about 20 °C to about 650 °C
in an inert atmosphere, thereby producing a material having a thickness of from 0.001
to 100 micrometers.

A thin film material made by a process comprising,

(a) providing one or more compounds or inks above;
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5from 2 to about 8. In another aspect, the repeat units {MB(ER) 2} and
{MA(ER) 2} may be consi dered "handed" because the netal atom MA and the

G oup 13 woamiB7mppear on the left, while the chal cogerCatusaoiBoapprars to
the right side. Thus, a linear terminated chain will in general require an
addi ti onal chal cogen group or groups on 10 the left termnus, as in
Formulas 1-8 and 11-13, to conplete the structure. A cyclic chain, as
descri bed by Forgaadde@dshsdfle; does not require an additional chal cogen
group or groups for term nation. In certain aspects, structures of
For nul as 1-8 and¢idepasgingibeganneuadidr fka petoditesupsiipte: p, be descri bed as

adduct s For exqupl.RinAUUBL Sud A5k FOR 1R ABou 2 “CRELRRARBC and

( RE) 2- BABBAB. sonme enbodi ments, a polyneric precursor may include
a structur emtahanertlagn@mhemABBerdmw@d*\JettnngmghlbIfklm@a@@pbhaymrd thiglgresesanpl e, a

POl YIer 1 PRERHIBPL, R0 MEKLRRS 4L i REFEHISEr S WRLUE TRk GRNL ai N one or
nore consecutive repeat units { ynmeri c precursor havi ng an AABB
al t er nat i nghdatigrk acopwirature of fram abeut200 ?@pr@setrﬁSédCbgr feomy abene209f°CFor nul as 11

to 13 abovet J)@ some aspects, this disclosure provides polyneric
oabour‘%400

precursors Whi are’inorganic AB alternating addition copolyners having

the repeat unit sA pliotdroitainkbsoibér Bovikg thEBmpiricahf@muieB E \ER i | R Fornula 14

wher e at ons are ato of Gou sel_ected fr.om and, In,. and Eis S,
oo o To R RE e s AR dectEret RicoR TS I S BBt R B S iRl precur sor s
havi ng 8 nuigliev isrtraad OBlﬂ@l.Se«mﬂ&t 1slﬂll‘®hi B5af2. FOTlﬁﬁﬂ}ﬂtoizéLtalMditﬁblﬁeﬂ’hbﬂw be 1 or
nore, or 2 or nore, 3 r 4 _or or 6 or
more, or 7 BRCTFHBXES fr‘EﬂlogtBﬁ 2rﬁ5ﬂsefr°“6 te- Granﬂﬁﬂseteo%gﬁﬁlo‘f“%%w& 11 or
nmore, or 12 pranarwr@ frothhies BB, somlp}ﬁmwol&flc d‘B@dSerH aBoveAwiigRdin lisPork©.7r epr esent ed
as (AB). or resents a. polyner of any chai n | engt h.

Anot her wayt0t102 Vé%ﬁ“é’é@ﬁ?oéearnﬁ&llﬁg% 058 doY {Prerdd W & ff%lé&? ful AhABAB. .
I'n further Matdveldi@RRorbbhibdvd M&&hlxqglfr%@w ©99, P ¥IRDILE0.BI HAYLSOr S t hat

ey be {Seprfgosn? 8t8etg lb\y is 1 Fognrcrluvlv ilas f%o?n 2.0 to 2 4. A photovoltaic device comprising a
photovoltaic absorber above. A system for providing electrical power comprising a
photovoltaic device above. A method for providing electrical power comprising using
a photovoltaic system above to convert light into electrical energy.

A method for making a photovoltaic absorber layer on a substrate comprising,
20 (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 100 °C to about

650 °C in an inert atmosphere, thereby producing a photovoltaic absorber layer

25  having a thickness of from 0.001 to 100 micrometers.

Empirical formulas of precursor compounds

This disclosure provides a range of polymeric precursor compounds having
two or more different metal atoms and chalcogen atoms.
30 In certain aspects, a polymeric precursor compound contains metal atoms, and
atoms of Group 13, as well as combinations thereof. 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.
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ZE, E EEE-1

'\ MAnB 1l MnB2 \EZ \E RRRR 10For nul a

15 where atons MB1 and MB2 are the sane or different atons of G oup 13
sel ect ed woemi@a7sad In, Eis S, Se, or Te, and p i s on@CAS2a0/08H5E.

In further aspects,
be 15represented by Formula 16 zEEE, E RRRR mAl 1,\4BmA2m B2 \EZ \ E RRRR

this invention provides polyneric precursors which may

Formul a 16 20 where atons M 31 and MB2 are the sane or

different atons of

G oup 13 sel ect %p&l&ﬁ@ﬂi&fﬁe@%@r Edmp Rh® iy MVEcdfabedmpoukd, bPamionee, or Te, and
p is one (1) or nore. I'n anot her aspect, this disclosure provides
i nor gani ¢ ABIBI & BpYat Ghatged epBRIRRCOUNRIQEh Trsgmbembdinenite i WEICHYMEor mul a 17

AB 1 AB 2AB3,H 0[9111116?10 %a/éecursor c‘@!ﬁl%&?nd%y c%%tanp@&ivﬁ@ht%{e%l ﬁt%HleQJa &Wél&ﬁ Cont ai ni ng

atons MB1,

Certain enpmﬁﬁbﬁmnﬁb¢WDME®0ﬁor nononers and pol yneric precursors of this

nB 3, brespectively, which are atons of

\ i . : - |
lnvention are s nﬁﬂgﬁ an Fr)soflgclnnggo:llnd ?gk&tzgm atlc:) SLb& frﬁgﬂgu as

nononers,

repeat cursors ornu present

Ic p

Const i t ut i omabitiGh aietalsWrfiiGroupestbrdugh iGosupA?2, B, Al, Ga, In, T1, Si, Ge, Sn, Pb, As,

10

15

20

25

30

Sb, 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.

A polymeric precursor compound may contain atoms 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
selected from Cu, Zn, Ga, In, Tl, 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, Zn, Ga, In, Tl, Si, Ge, Sn, and Pb. Any of these atoms may 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, Ga, and In. 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.

Polymeric precursor structure and properties (MPP)

A polymeric precursor compound of this disclosure is stable at ambient
temperatures. Polymeric precursors can be used for making layered materials,
optoelectronic materials, and devices. Using polymeric precursors advantageously
allows control of the stoichiometry, structure, and ratios of various atoms in a
material, layer, or semiconductor.

Polymeric precursor compounds of this invention may be solids, solids with
low melting temperatures, semisolids, flowable solids, gums, or rubber-like solids,
oily substances, or liquids at ambient temperatures, or temperatures moderately
elevated from ambient. Embodiments of this disclosure that are fluids at temperatures

moderately elevated from ambient can provide superior processability for production
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{MA(ER) 2} From nononer MA(ER), where MA is Cu B {MB(ER) 2} From nononer
MB(ER) 3, where MBis Ga or In AB {MA(ER) 2MB( ER) 21 Pol yner chain repeat unit
ABA { VA( BRp2MB(ERBBMA( ER) 21 An adduct, trimer, or oli gomer/uB2ABA440MB1

(ER) 2MA( ER) 2MB2( ER) 21 Pol ymer chain repeat unit, MBl1L and MB2 may be the
same or different, a trinmer or oligoner ABl1AB2

{MA(ER) 2MB1( ER) 2MA( ER) 2MB2( ER) 2} Al ternating copol yner (AB)", a tetramer or
ol i gomer AB,fs6fr éfBadd &MARIVEL (R)a? MR CFRGABHIER AR M3 (ER) 21

variety of substrates including flexible substrates.

In general, a polymeric precursor compound can be processed through the
application of heat, light, kinetic, mechanical or other energy to be converted to a

5  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
art, as well as the novel processes of this disclosure.

Embodiments of this invention may further provide processes for making

10  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
done during or after the process of depositing, spraying, or printing the compound
onto the substrate.

15 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
200 °C.

In some aspects, polymeric precursors of this disclosure include molecules

20  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,
flowable solid, gum, rubber-like solid, oily substance, or liquid. In certain
embodiments, a polymeric precursor is melt processable as a flowable melt at a

25  temperature below about 200 °C, or below about 180 °C, or below about 160 °C, or
below about 140 °C, or below about 120 °C, or below about 100 °C, or below about
80 °C, or below about 60 °C, or below about 40 °C.

In some variations of this invention, a uniform thin film of a polymeric
precursor compound may provide a self-healing film which is thermally processable

30  to a material or semiconductor layer.

A polymeric precursor compound of this invention can be crystalline or
amorphous, and can be soluble in various non-aqueous solvents.
A polymeric precursor compound may contain ligands, or ligand fragments, or

portions of ligands that can be removed under mild conditions, at relatively low
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Pol ymer, or an AB triner, or an oligoner (AB)" or (BA)" or Polyner of any
chain length -EA B+ *B A+ nn ABAB Polyner of any |ength, whether |inear,
branched,worotyabize tA B A Bl- {AABB} AABB alt ernati mgThiSoaik/oampdl yner
LA-ABB) WO 2011/ 017236PCT/ US2010/ 044055 Fornmul a Representative
Constitutional Chain Unit

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.

5 These advantageous features allow enhanced control over the structure of a
semiconductor material made with the polymeric precursor compounds of this

invention.

Polymeric precursors for semiconductors and optoelectronics (MPP)

10 This invention provides a range of polymeric precursor structures,
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 and In.
These polymeric precursor compounds further contain monovalent metal
15 atoms M* which may be Cu.
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
ways, using different formulas to describe the same structure.
20 Embodiments of this invention further provide polymeric precursors that can
be described as AB alternating addition copolymers.
The AB alternating addition copolymer is in general composed of repeat units
A and B. The repeat units A and B are each derived from a monomer. The repeat
units A and B may also be referred to as being monomers, although the empirical
25  formula of monomer A is different from the empirical formula of repeat unit A.
The monomer for M* can be M*(ER), where M* is Cu.
The monomer for M® can be MB(ER);, where M® is Ga or In.
In a polymeric precursor, monomers of A link to monomers of B to provide a
polymer chain, whether linear, cyclic, or branched, or of any other shape, that has
30 repeat units A, each having the formula {M™(ER),}, and repeat units B, each having
the formula {MP(ER),}. The repeat units A and B may appear in alternating order in
the chain, for example, *«*sABABABABARB«e-.
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Description cYclic(AB )4 or cYclic(BA)4 A-B/\ BAIl AB\A/ B-i-v Cyclic

pol ymer chain, oligonmer or octaner In Table 1, the "representative
consti tutworal/ahmsn unit" refers to the repeating unit poffi/ush@opeiogirer
chain. In general, the nunber and appearance of electrons, ligands, 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 repeatf @&n&é&ﬁodﬁhen‘%h%@lyﬁémé M@&E@r%}ay havd @fsreht@MdMe monomer
MACER), where MA is a netal atom of nonoval ent oxidation state 1 (I or one)

such as Cu.seleptefl fromdGappnddndeliess e differeat atome apneprdarandgmonder e sts in the
pol ymer chain.fpnded to two other repeating units, or to a repeating unit
and a chain termnating unit. Likew se, the chain repeating unit B, which
is 10 {MB(ER) 2} ,Thapplyesri¢ p@mrm@owﬂbﬁf thBIERN BN mieheamaddB With 2y Gr oup 13

atom of {ri ( . C r Ga and In.
I n one astsped(;etgqr %01%%619&%\?@@5 %lrsodr%l rtr)g%fr\%?%%??réﬁoﬁb%lﬁ%nﬁsoﬁg orman AB
repeating utheir resmhtwmratles {IMe\(sER}lM(rEIQ)‘ 2 polynprispreras peupaind iy $e di scl osur e

provides AB al co | ating with
Pespect to MOl APE PHRHEOR Lk bl Rl A R PR AR copect

to MA may ca:lnamabﬁthe hmcmsmregmpn]synieavpregurabrtcempamdmgayaimMeM@th aapd MA2. A

pol ymeric prec or th al t er nat W t es ontain
chai n regi o#§lr?9raq\s5 iEfyoms fye‘?(ﬁha ErRggt tgglbe gﬂ?ﬁﬁ tjfjflﬁtge g’pmfpnﬁ’ %?BI?‘%E%/ spect s,
t hi s di sl omeir espucovd dess. AB al ternating bl ock copol yners 20 which may

contain one or ﬁore bl ocks of .n_repeat n|t r.epr esent eglc (AB1)" or

(BLA)", where t HBSHPOERCGY THefeeesuisired eéé’ﬁ YHIEHS PEAYTPDNBIR A of  at om M 31

sel ected frigpaghRioum altamaﬁlgaidqﬁisn B Bh&OhdengBonk @pBRfollbNikg FRPRSENt ed as
(A1B). or (BAl) where the bl ock of repeat units contains only one kind of

atom MAl . ;ln?érl c precursor of this disclosure nay contain one or nore
bl ocks of repeat units having 25different G oup 13 atonms in each bl ock, or

different atons MA in each bl ock. For
15 Formula I:  (RE),-[B(AB),]

Formula2:  (RE);-[(BA).B]
Formula 3:  (RE),-BB(AB),
Formula 4: (RE),-B(AB).B
Formula 5:  (RE);-B(AB),B(AB)n
20 Formula 6:  (RE);-(BA).BB
Formula 7:  (RE),-B(BA).B
Formula 8:  (RE),-(BA),B(BA).B
Formula9:  “"(AB),
Formula 10:  ““"(BA),
25 Formula 11: (RE),-(BB)(AABB),
Formula 12: (RE),-(BB)(AABB),(AB)m
Formula 13: (RE)~(B)(AABB)(B)(AB)n

where A and B are as defined above, E is S, Se, or Te, and R is defined below.
30 Formulas 1 and 2 describe ionic forms that have a counterion or counterions
not shown.
The formulas RE-B(AB), and RE-(BA),B may describe stable molecules

under certain conditions.
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exanpl e, a polyneric precursor may have one of the follow ng fornul as:
Formula 18: (RE)2-BB(ABl1)"(AB2)" Formula 19: (RE)2-BB(ABl)"(AB2)"(AB 1 )p
wher e Bl wiodoBA1rspr esent repeat units frui (ER 2, ) andPCEIReER024055
respectively, where MBl1 and MB2 are Ga and In, respectively. In Fornulas 18
through 19, the 5 values of n, m and p may be 2 or nore, or 3 or nore, or
4 or nore, or 5 or nore, or 6 or nore, or 7 or nore, or 8 or nore, or 9 or
more, or 10 or mfewanfle, dd ci@bodiRER of #polIReiX prE®r compound bIF&Rfifai N

enbodi nents, an MB nononer can contain a chelating group - ERE-, for

exanpl e, hafrisnbowmia Higlmatsahovst BREy. 1, horrucere Gaboapowentd bea mononer may
exist in a ghihid @%%Hﬂﬁ@(@gﬂ%ﬁﬂmcmﬂémlei@ﬁqe reafuhl IRERE 0T T gher
form and can be uséd reagent in suc i's understood that the
t er m monone istbeifereat whie {Mf @Ré:l}L Emwakogmand/ﬁqétaﬁenctlfomlrgébumlé@iiedarrbl ent
condi ti aps,, @), found during the process for synthesizing a polyneric

pr ecur sor from't he nononmer. The formulas MA(ER) and MB(ER) 3, for exanple,
15shoul d be takémamthHMst etnhedinmmt@tﬁepoliymeﬁiupﬂacma:truolamwldotcurri ng

di meric or ll;]orgthaSm (s)nownmh ?”Xs 3 m)n%msﬁ the st glrerrgt Cco%rﬁ ouncgher form
when used as a reag cangprowa]l fioner form For e, conpounds
of the errplbalelahsehmdihmlt}& fﬁinmER)RE)zB/AMBBABAB atjgragatselt Ifeperamzmt hat are

i nsol ubl e, Iy das |deth no r formfor
oact on w (R HpER 5 S raR SbrOnam e BARIREERS. B RRJRRORAC on
obtained)bygb@@@ﬂma@bﬂ@moners NA(ER) and MB(ER)3 can be advant ageously

hi ghly sol uble in argani c sol vent erePs ne or nore of the nomers my
have been i nsol L}P)flg".l RE LRI, HLFmpqimen; g ?%93 CTCSPAPREF SOappYnd o) yrrer i ¢
refer to a pemERYik ZRMKNTRIFEL y, A@sWrMmﬂg' 3ede ma@@éﬂth@cdnqmﬁd ¢dg chain
made of repeating units, or mer_ chai n_or ymer nol ecule. A

pol ymer or BsgeRrRtented fsithe fﬁwl%@%@f‘ﬁ( S H5y ""rhé'@lnt%ﬂsltbﬁ’\reB?at“’t“é repeating unit

or units, {MA@MZ}h@Yﬁhy%ea@um SNAEES, 10 i CPEARGEdnY hld TER aSHEdN0A] | 1 near,
branched, cyclic, and dendrineric. Uni'ess ot her w se specified, the terms

pol yrrer15andgr9‘éﬂ dofwed belowicl ude honopol yners, copol ymers, block copol yners,
al ternating pol Xﬂﬁﬁcﬁherte%nﬂ% %H%ﬁlﬁ@dﬁ@ﬁ%@@'b@lyﬁl%ﬁ& &'e@dr&g céiﬂ}{?dﬁ%l%?er of

different 30 nononers, iI'goners, network di nensi onal net wor ks,
t hr ee- di menSironklg lﬁeltqm@lrlk§lg dr ésshq“rnklealgo& t§1¢rﬁmtur@®fdhet camuidery chai ns,

hi gh and | %r@@%s‘%ﬁ%&h%& e GHha @@8%?]@(53A ﬁ‘s"(‘%ﬂ? B %%fe&[‘msetﬁélieﬁéatu jpd ot her

fornms of repeat i ng structures "hers I'ymers 1 nclude those
havi ng | i ne&vl;(EB)AnR fiettic encht oyic K ME(FRo1}y R a dhkbgs, amiRlispdhyatiens havi ng | ong
or shor% brargl(l:hge%ned clo As used herein, the term "pol yneric conponent™
refers fo & ccPrrponenlf of a conposition, V\/nere t he conponent is a polyner,
or may form a pdhylﬁrﬁfheb%ampleymreemlzmﬁmmd dpdy haioprpoksyrermmoutdoponent

| nol udes a pol yieriZabl.e spnoreL. ol R0l K AERL PR Sipolh PGV T ©
be represented by the formula Y(BA),, wherein A is the repeat unit {M*(ER),}, B
is the repeat unit {M>(ER),}, E is a chalcogen, and R is a functional group defined
25  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
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

30  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.
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
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5 the nmononers or polynmers which nmake up any of the exanple polyners

descri bed herein, or may be a blend of pol yners. Enbodi nents of this
i nvent i orworaygiifaridkher provi de pol ynmeric precursors havi rgTaskymwi406hai n
structures with repeating units. The stoichionetry of these polyneric
precursors may be precisely controlled to provide accurate |evels of any
10desired arbitrary ratio of particular atonms. Precursor conpounds having
control | ed &Rk 6chh Eh G LaMAE HISH R, BRKS: Btk KorFa): &ldr@bse of ayers, and
semi conductor materials having control | ed stoichionetry. I n some aspects,
preci sely cBfier 17 qrmre. 198 8 t Brtchpiohertmre.of 16 op@psendl sanqnghodingdis. may be
achi eved bye,PRAiE b off} 1600k GRLOTRLbYu 3D, dltfond LRABOLS0, LGRR! St S,
nonomers or conpounds used prepare th S5pol ynmeric precursor. For
t he pol ynertp@b@ﬁéém§l®ns2 t@fabolmlé orrivoan tombouttlﬁeorgfmmét@hont t0her f or nul as
above, @95%% f@er eof, may be a good |leaving group in relation to a
transi t| on the polyneric precursor conpound at el evated tenperatures or
upon applicati odnamotmn@ﬂgyt th2 OcPlegt uhitn EYIP @GR} agdéMﬁSEIBzh may bee f ornul as above
and in Table « et sane £ ot her and are

gr oups att ache 8erf’%rhc?ﬁ laBeC@gtsr e%%mgtral ér%lom%(l:ar edon a{ouPn gl]agr?cel\ﬁ[dﬂﬁpg al kyl, aryl,
het er oaryl , orathkterftybvhﬂeanl’rb diglcoged atbm Eaameamtmrtgemgm sidadTlorsgaknear | | gands. I n
some enbodi mentst thhe ‘g{l}o QS R, are. eachd Sane or different fromthe
other and af & BtRA g I Seerad E9RiGe $h Sﬂt?ﬂaa? I8 AP ShP 21N sone
aspect s10 t hiae raﬁtrtaﬁﬁﬂius]‘@rm FBrntadR 1beartdelar i8S endoamlcasthdV/Rickily. 3A cpgid t he nononer

for MA can e rep S wher e are the sane or
different & ma? @ﬁ%g g?rP‘é‘Eggé&Rgl)w cﬂﬁ@%noér‘?g&}rf)?)tha(@fztloﬁﬁlﬁhﬁlﬁ?%% at om

i ncludi ng agrk or gad;dpg forh@h@taeasyl , al kenyl, am do, silyl, and inorganic and
organic ligands. In some enbodi nents, the gro and R are each the

same or differ erf CHFRIMIPHE S‘QJC&Y??&fFQHHﬂ%Sr]egéWS% 1ymdeisd 2B th¥hed t hrough a

carbon at Onéne (1) may b@d&@ﬁﬁe@'a@ad’cﬁlﬁﬂsanlQﬁﬁmplfehﬁldﬁ&@fﬂHﬁﬂe frarn), NBampy be
MB( ER1) (ER3) 2, where and R3 are different and are groups attached

t hr oughla ABB. ‘ﬁ@r{R&w%ﬁBéBom including al kyl, aryl, heteroaryl,

al kenyl , am do,

enbodi nment s, theIﬁ gé%%%%%qnén%oﬁggl?h%?@%%l%%%%%E%)%{egg?ga%rie#%ér%ceéﬁ and are
al kyl gr oup/éABBtaétcmet@gthmkwgholam@raerowampm polsmeie praersos pbpadiionsnt s, t he

R di ts,
The Al kyl o RSP ARRAL Y echishy SR BN AT el R B ) o1 a
(C3) al kyl , @molan(emdplahkwr haungal(\SBBeﬂlﬂwlht;mgﬁlocés dqopalymbikiydy, beor a (C7) al kyl ,

or a ( al 10) al kyl, or a (Cll)al kyl, or a
(C12) al kY1, ¥ senfl 8%?&%?% fl%o“?“l% 1(%851? & or a (Cl5)alkyl, or a
(C16) al kyI or an §&zierdspbdty khis (ﬂlBCl(&u(e@l&)ldﬂslpy]ymeﬂc pacﬁrﬁﬂrgyvaickwe or a

(C20)al kyl,. or a al kyl r a 2) al kyl 10ncert e iments, the
(C20) a1 Sl AR 1T PRI M B S R ot s,
the al kyl group may be a (Cl)al kyl (nethyl), or a (C2)al kyI (ethyl), or a
(C3)alkyl, or a (C4)al kyl, or (C5)al kyl, or_a (C6)al kyl, or a (C7)al kyl,
or a (G)alkyl, or a (C9)alkyl/ or p (Cl0)alkyl, or a (Cll)alkyl, or a
(C12)al kyl. 15In certain enbodinentsg, the oups R may i ndependently be
(C1-6)al kyl groups. In thes mbodi fents,.the al kyl group may be a

(Cl)al kyl (nmethyl), or a (C2) etMB) or ja (C3)al kyl, or a (C4)al kyl,
or a (C5)alkyl, or a (C6)al kyt~ A\p@ﬁmﬂ\lc pr cursor corrpound may be
crystalline, or non-crystalline. Inj|sone nents, a polyneric precursor
may be a conpound conpri sing R

25 Formula 14
where atoms MP are atoms of Group 13 selected from Ga and In, and E is S, Se, or Te.

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,
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20 repeating units {MB(ER)(ER)1 and { MA(ER) (ER) 1, wherein MA is a

nonoval ent nmetal atomof Cu, MBis an atomof Goup 13, Eis S, Se, or Te,

and R i s wodepenasit |y sel ected, for each occurrence, fPoRUsReplog4085yl

het eroaryl, al kenyl, am do, silyl, and inorganic and organic ligands. In

certain enbodi nents, the atons MB in the repeating units {MB(ER) (ER)1 are

randomy selected fromatons of Goup 2513. In certain variations, MAis Cu

and the at oss VB¢, @r 86l Bkt § §rQmort, rwlmmmogﬁbﬂ thét@ o8 JFBrder only

seleniumin a polyneric precursor, and the groups R may be independently

sel ected, fYMEBEH 1detupicericld,or Mogmo( B1oeRarky| . Enbodi nents of this

i nvention may f uffhey co%%efisfmnmqwn&‘a RES G ESRLSnd MRl AR eor'(Bﬁ?

branched, cyclic, or m'xt ure of 1}/ f oregol ng. Sone yrrerl c 30

precursors Yhigh pspresenty %bmévbrleeofrmjf thaaltlenatht énqihﬂfa@moeeHwimwﬁalb@@t 100 C.

I n sonme aspg I LCARABCVr sor may contain n repeating units

{ MB( ER) (%R) %Séli%erﬁsﬁgg%%tﬁ%nfgnl%ts {MA(ER) (ER) 1, wherein n is one or nore,

or nis two or rofetheovariatiprs, thsunveotiommpeadesgrolymaris peicgisors drat may be  The

repeating units R and {MA(ER) (ER)1 may be alternating. A

pol ymeric prre rgﬂern{ew%g% )n(‘ %)ésldescrl bed by the fornula (AB)", wherein Ais

the repeat unit {MA(ER)(ER)l Bis the repeat unit {I\/B(ER)(ER)l, nis one

or nore, or nis two,or nore, or nis three or nore, andq R is independently

sel ected, for each currence, from al kyl het er oaxyl , al kenyl,

am do, silyl, and i organi%and o;%mc Ilg% In me\5 variations, a
may ha f the’ bf\rml =BB( AB) ",

pol yneric precurs e\g%B](
Nﬁ" B( \ RE) A) " 2- B( BA) B,
¢ "™NAB) .~ CYCeN C(BT 6) M~ )2- )n,

(RE)2-B(AB)B, (RE)

(RE) 2- (BA) "B( BA) n,

(RE) 2- (BB) (AABB) n(AB) n" ( 2- (B)(AEBB)n(B)( B)n" ( 2- [[B(AB)f, and
(RE)2-[ (BA)nBI, whenein A is the reBeat uni t™{ MA(ER) (ER)L, B is the repeat
unit 10{MB(ER)(ER)1, '\n is one or nore, or nis two or r or nis three
or norejgand mis one or nore. In RYrhlgis aspects, a polyneric precursor
may be a bl ock copol yner containing one or nore bl ocks of repeat units,
wher ei n each bI ock contai ns onIy one kind of atom MB. A precursor

conmpound of nts of
VRL(ER) o A% fofth 8P AR IFBHhe i o AL ey AR BHERL o
wher ei n MA1G3 deIu E MH, andr VB ade ldorfef(é}@rmorat ons of Group 13, wherein ,,,,
;Eﬁzgoﬁigng 822)%?-2% r}ﬁle \';ﬁectsI ﬁns 1)&1&(%1@15(“ I'aOVl S l¥rgeric-pg?cursors wl%lcrhorrrrl]a%bc[ 01l zis
fromO to Jrepl‘esdn&dfby@mrﬁhlmﬁo 1.5, wi s from 2 to 6, and R represents R
groups, of which there are win nunber, independently selected 20from
al kyl, aryl, heteroaryl, alkenyl, am do, silyl, and inorganic and organic
| igands. In these enpodi nents, a precursor conpound can\have the
stoichionetry useful/ to prgpare Cl Gd materi aks, including materials
deficient in the quantity EJ‘ a Gro@ 11 at In f urEher\ enbodi nents, a
precursor conpound &fn al d ng)me e dinents, a

e

precur sor conpound natlo z AI gui val ents of M (E- K1),
«e}wv\r ts of 2/ER3§\\ erein VAL is Cu,

X equi val ents of

MBIl and MB2 are diffegrent agons of igup 13, Rherein tRe ¢onpound has the
enpirical formula I nxGay( ER1) z( )3X(ER3)3y, z is from0.5to 1.5, x is
fromO to 1l, yis fromOto 1, x plus y is one, and whefein Rl, R2, R3 are
t he Formula 16

20  where atoms M®' and M™? are the same or different atoms of Group 13 selected from
Ga and In, atoms M*! and M*? are Cu, E is S, Se, or Te, and p is one (1) or more.
In another aspect, this disclosure provides inorganic AB alternating

copolymers which may be represented by Formula 17
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15 {Cu(n3u) (StBu) (In,G)(StBu)21; {Cu(SesBu)(Setl3u)(In,&)(Setal)?21; {
Cu(Setl 3u)(S&Pr) (I n, &) (S&Pr)21; {Cu(SetBu)(SsBu)(ln,Tl)(SsBu)21;

{Cu( Set| wPpeeaTnyB3Ea, T1) (S&Pr)2; and {Cu(Stl 3u) (S1131) ( POTESROSLIRDF2 1.
Exanpl es of pol ynmeric precursor conmpounds of this disclosure include
conpounds haying any one of the repeat unit fornulas: 2041.2 Cu) (1.2
Setl3u)(Sel3u)(0.7 In,0.3 Ga)(Sel |3u)21; 41.3 Cu)(1.3 Stl3u)(StBu)(0.85
In,0.15 &) (StBU)ZI; and ROT)) 5 He X Z
G) (S eHexy)1§ 7111?01%nuf'a? Ex anp, cprese! angel(fonstl? Ef‘wna)f&wéé\ﬁrrn{ﬁ ry ),(Tnul?,??ﬁHQtIORf this
di scl osure ijncl ude corpounds hayi ngAanyBone of the repeat unit fornul as:
251(0. 85 Cu)(O 85 Set Bu) (SenBu) (Q,/7 1 n, 03, Ga) (Senl 3u)[21; 1(0.9 Cu)(0.9

St 1 3u) (St Bu) o@hc@&}Bj R 0. 15 Ga) (St KBu) 21; 1(¢P. 75 Cu) (0. 53YE§@CIH9U)D€18113U)(0.80
In, 0.20 Ga) (|SEB¥Ay, 1(0.8 Cu) (0. 8 sel 3u) (BenBu) (0. 75 |Icheip obggmer or
Ga) (Senl 3u) 21; 1(0.95|Cu) (0. 95 StAsu)(Set ) (0. 70 In, Q.°80M¢%) ( Set i 3L) 21:
301(0.98 Cu)|(0.98 SetBu)(StBu)(0. 62% . 400 Ga) (S13y)21; 1(0.835
Cu) (0.835 Set13wW)2(0.9 In 0.1 G)( 91; {Cu(StBwWi2(0.8 In 0.2
Ga) (St 3u) 21; {Cu(SetBu)2(0 75 In 0.25 Ga)(Set131)21

(Qu(Set 1 3U) (Se Tih (BT, b fie mm (BEHHA0A L] EHERELBID(SRRUNGD. 875
In,0.125 Ga) (SsBu) 21 pSe ( S&Pr) 01 (1) (S&Pr)21; and
{Cu( St Bu) ( S!Ilmrc)f(ﬂ@ ®iynen ChﬁHQ)SID @W@bi@@@hﬁr and appea@%@méle QtrQ.mS pol yneric

f
Phe repant (g PER aftund ol ELES Mt R0 B SRIBIAITGORY) D2 Sl 21,
{ Cu( St BY 2| rn:e@tasly)refmct ﬂﬁe@}(d@n@uya@wﬁ(hSmBlal)mn HoCer:Sele. Bhp)ff,l_i@(eﬁeam&]) 21
Cu( Set B S A A
{ Gu( SenBu) (ot Bg) T cal Gl SR BB NIER ) whore M s  moal
{ Cu( SenBu) (@@nlﬁmfm@m@@non state 1 (I or one) faxh apCeslt gfto po hydestéad thatecur sor

d o Ng.. f th
compounds. She KIS ELASLASHIR LIk UAR, 0 EPIRALIGS AN IG ey ane of the
{ Cu( Set Bu) ('SenaBig)ubDarids chay Groiati@a)(iSeiBul e chaueBtBig)ud 8, wiscin, 0. 25
Ga) (St By) 21, Cu( St 4L9: 9] B Ex I f
pol) 3(/mer ?Q: p hé[i(gr %% ar1g fBoun monf)m?fhl}%s(%g‘%zg:vﬁlgrgmls|ar§}chlde afgncorrpoﬁﬁses °
havi ng any mmelemfoxtdheorrmea(llmmﬁreé)@elmﬁc}a’ROm Ga and In. In one aspect,

monomer M*(ER), and monomer M®(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
15 may also be alternating with respect to M* or M®. A polymeric precursor that is
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
20  which may contain one or more blocks of n repeat units, represented as (AB"), or
(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
25 different Group 13 atoms in each block, or different atoms M* in each block. For

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

Formula 18: (RE),-BB(AB'),(AB?),
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{Cu(Se(n-pentyl))(SenBu) (0.5 In, 0.5 &) (SenBu) 21;
{Cu(Se(n-hexyl))(SenBu) (0.75 In,0.25 &) (Sel' Bu)21;

{ Cu( S( n- wpt2gtyo1(B6Bu) (0. 75 In, 0.25 Ga) (StBu)21; and PCT/US2010/044055
{Cu(S(n-octyl))(StBu)(0.9 In,0.1 G)(StBu)21. 20 Preparation of polyneric
precursors (MPP) Enbodi ments of this invention provide a famly of
pol ynmeri c precursor nol ecul es and conpositions which can be synthesi zed

froma conpound meaptigiii NREBNBAEEM VBROf (AB! up 13 selected from G and In,
and a conpound containing a 25 nonoval eng at’om MA of Cu.

Advant ageously facile routes for the synthesis and isolation of polyneric

pr ecur sor - CORRONAR 9roh bt LRI QINRYG, UGNV BRAYGE Gy, descr i bed

bel ow. This di scl Losure provides a range o precursor conpositions
whi ch can behare Mis sk ME ¢ Ge endlanicsesatvedy. oﬁﬂF@ﬁtﬂéﬂﬂ 1 throagll 15 éhvi conduct or s.

In some S0agRGCHEn o A ESA %'E%rz of nB'feeSIULf §%or§°&ﬂ°&&ﬁo‘r@’8§5 8f foR! &%" Sor s for

the formati on of Senico tor materials and sem conduct ors. sone

enbodi ment sqr nidre gqp@loy mers, or Horeoerswd oo owpn i 14 ensorare 1$ oumorsorol2 precursors
for the for matl on of absorber layers for solar cells, including C'S,

copper i ndi um Chal cogen, and CIGS, copper-indiumgalliumchal cogen, absorber
| ayers. An pataymenbodlipme bl MG maompotsndonmiy alvbelatidezrwipt-h any desi red

st oi chi onet th re ct. t the f different Goup 13 el ements and
their respe%l#r rlﬁ’éatnilig%aﬂgg Eggb@gEg a pol yneric precursor conpound
may be made by 5n E@ﬂ@émmlmm@amaoma rﬁdfﬁdils@ﬁl Aadipotiy foh vaidiambichhe

pol yneric precursor formatio eaction clude initiation,

propagat i on Conglﬁ‘anst 8F i 8h}%gﬁer%rm awﬁqaﬁ%gsqﬁgﬁ 2 FERFH %PCES‘F?‘F@% c
precursor Mnddﬂ&édﬂdﬂat&ﬁb&eﬁﬁ ﬁh@n(ﬁﬁer%ﬂld&@fet RhlIBuePIRYRhANB(BRB W th a
conpound IVA( ER), where and R are as defjned above. 10As shown in

React i on &W@ﬁ@@l%cmt%a Oréqunﬁékqlrrggth%lprﬁ&)%ffﬁ%@m SRR FROBMSHSy i ncl ude

the step of,cQMAGHINEE AokPRROURINRILERMNER Whi MBI TBOMARpMA( ER2) . wher e
MA, B, andpE are as defined above and the groups Rl and R2 of the

conpountfs n#guldde taken weangorapasyihe Mopamer in ferhHpairally- qg@frrlﬁ@élm@ti@oe REACTI ON
SCHEME 1:

higher forms, if any. A monomer in a dimeric or higher form, when used as a reagent

can provide the monomer form. For example, compounds of the empirical formula

Cu(ER) may occur in aggregated forms that are insoluble, and when used as a reagent

can provide the monomer form for reaction with MP(ER)s.

20 The polymeric precursors of this invention obtained by reacting monomers
M™(ER) and MP(ER )3 can be advantageously highly soluble in organic solvent,
whereas one or more of the monomers may have been insoluble.

As used herein, the terms "polymer" and "polymeric" refer to a polymerized
moiety, a polymerized monomer, a repeating chain made of repeating units, or a

25  polymer chain or polymer molecule. A polymer or polymer chain may be defined by
recitation of 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

30  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.
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In Reaction Schene 1, MB(ER1)3 and MA(ER2) are nononers that formthe first
adduct 1, MA(ER) 2MB(ER)2. Reaction Schene 1 represents the initiation of a
20 pol ynewOD2zativam3ef nmononers. I n one aspect, Reaction BCharseoid/on®ps esent s
the formation of the internedi ate adduct AB. In general, anong other steps,
t he pol ynerization reaction may form pol yner chains by addi ng nononers to
the first adduct!, so that the first adduct! may be a transient nol ecule
that is not obsefmges &R Re ﬂeﬁfﬂ@&ﬂyrﬁé}%‘&nﬂp@n&l{"trbﬂéﬁtt%}éor%&l@h'ﬁ&’g Wen

addi tional ronomers are bound to 25either end of the first adduct 1, then
the first ath@wResitiqn, BdigtsrescomNoBYe it My i Qrwfprrm@a@lyw%er chai n.

|n general  pdihBLERG 91 t&a@sm{ene cBFGHA SR ndd RS o SRS AMR(ER) 3 and
MA( ER) can ener at ed various reactions. For éxanple, a conpound
MA(ER) can Qfepo ¢bétimblycul®a/épplbfglewomn0mhnt3®yma(/my conb{nER) ¢fan be

pr epar ed: by, e acidified
to pr ov:jsde tﬁ%&‘%ﬁ%gfgRIE%O%IE%e%ng%%Iégﬁ%Xﬂyd&@(%@lgrp Iokfw‘ detg%f% (?)r ovi de

Na( ER) and m&ﬁiyxnmgbpebhn@efyﬂwhmsthese reactlons E, Rand MA are as

defi ned above. | ot h a a.c oun can _he repared by
cel L ned above. i AIRN IR SP B un e STHRANS, M BBl B PPl o0 B
by reacti nghavinglpRynizr mhaﬁrhstﬁé&u(@vlaﬂﬁepeatm%’lﬁllMTheSstMahlorhetry aithdle and X i s

hal ogen. | n anot her ER repared by

enott ng MR RO S ST B 2 SRE By ol b Beh BATE) T eact i ng
Cu20 wi tth HERred artr):traryl'?ﬁtio &panieliar atéme OPPQiE cbfﬁlﬁcgﬂhlﬁhag&ﬂg cbﬁitgcpgeepgr ed by

reacting MBX3 with Mt ared as .descri bed above. 10l n
anot her exapFHomgng SBﬁ@tW%EEngggﬁﬁnﬁél 8b@WBﬁHB§m‘%ﬁEting MBX3 Wit h
(RE) Si ( CH3) Baterlhen£aimrouinslicd Re)chionisns) & Galk Reeciibsteciady daseninpad above. In
anot her exanple a conmpound MB(ER) 3 can be prepared bﬁﬁreactlng MBR3 with

HER. Mor eoveic IPrﬁetﬂh@ ANOBFETISPTSHS oMY Ysachigeadity copedlingB®, a conpound 15
M-MB( ER) 4 C@acmmetgn&itha’repgngsl%gcwﬂ@s RloAGRe9br nRfuhdsQRedb prdparegmiPOUNd
MB(ER) 3. For exanple, a conpound N%NB(ER)4 can be prepareg by reacting MBX3
with 4 EHU|W%W@%K§W%WHNH(ER) where M+ is Na, Li, or K and X is hal ogen.
The conpound M:(5Rne 8fnRfc B:ERAGEH: @ ifieRa, ﬁr%déraeqefﬁ hlPfmARoPagation of
the polyneric precursor can be represented in part the 20 fornmulas in
React i on Scdber® opa paitien thereafs ngg bﬁngR@hb@Vlmr@mw@ﬁéatzomtepﬁr@s%mn dnly some of

or ecur cor . BT ERT Ser By (e Rf Yokl ARFGRhARRh e polymerte

energy.

20 The functional groups R in the formulas above and in Table 1 may each be the
same or different from the other 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 are each the same or different
from the other and are alkyl groups attached through a carbon atom.

25 In some aspects, the monomer for M® can be represented as M®(ER");, and the
monomer for 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

30  other and are alkyl groups attached through a carbon atom.

In certain variations, the monomer for M® may be M®(ER")(ER?),, 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
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(R1E) MB(ER1) 2MA(ER2) (ER1) MB(ER1) 2 2 25 1 + mA(ER2) propogation ). -

MA(ER2) (ER1) MB(ER1) 2MA(ER2) 3 In Reaction Schene 2, the addition of a
nononer NBOBRULYB7236 MA(ER2) to the first adduct 1, nay pcodisec@oadwssi onal
adducts 2 and 3, respectively. In one aspect, Reaction Schene 2 represents
the formation of the adduct (RE)-BAB, as well as the adduct internedi ate
AB-MA(ER). In general, the adducts 2 and 3 may be transient 5noieties that

are not obSgry&d WRGHe AnbRRESH:s, aRakdupk ' Wild R1TBE QP pr(gﬂl;g%ﬂ: different The
products of the initial propagati on steps may continue to add nmononers in

propagatlonand/ﬂii,e aélﬁd\gfpuphatﬁé%ﬂétthf@khgl&‘??é@él agom.adduct 2 may add a rmononer

MB( ERL) 3
(R(lE) m)s( E%rl) 2mA( ER>2)(e ER1) mB( ERS%@SJ %)ﬂfﬁ&%%de%&(m%%@yl

MA( ER2) ( ER) $vB{IER1) mm(eamw@mmeelgmg@man@ be a8 Riky) gnghydpogat i on

Lo ipeo ROLATR9) N CRATRURRE 12, r Aees ot
(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
(C17)alkyl, or a (C18)alkyl, or a (C19)alkyl, or a (C20)alkyl, or a (C21)alkyl, or a
(C22)alkyl.

10 In certain embodiments, the groups R may independently be (C1-12)alkyl
groups. In these 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.

15 In certain embodiments, the groups R may independently be (C1-6)alkyl
groups. In these embodiments, the alkyl group may be a (C1)alkyl (methyl), or a
(C2)alkyl (ethyl), or a (C3)alkyl, or a (C4)alkyl, or a (C5)alkyl, or a (C6)alkyl.

A polymeric precursor compound may be crystalline, or non-crystalline.
In some embodiments, a polymeric precursor may be a compound comprising

20  repeating units {M®(ER)(ER)} and {M*(ER)(ER)}, wherein M* is a monovalent
metal atom of Cu, M® is an atom of Group 13, Eis S, Se, or Te, and R is
independently selected, for each occurrence, from alkyl, aryl, heteroaryl, alkenyl,
amido, silyl, and inorganic and organic ligands. In certain embodiments, the atoms
M?® in the repeating units {M®(ER)(ER)} are randomly selected from atoms of Group

25  13. In certain variations, M* is Cu and the atoms M® are selected from indium and
gallium. E may be only selenium in a polymeric precursor, and the groups R may be
independently selected, for each occurrence, from (C1-6)alkyl.

Embodiments of this invention may further provide polymeric precursors that
are linear, branched, cyclic, or a mixture of any of the foregoing. Some polymeric

30  precursors may be a flowable melt at a temperature below about 100 °C.

In some aspects, a polymeric precursor may contain n repeating units
{MP(ER)(ER)} and n repeating units {M“(ER)(ER)}, wherein n is one or more, or n
is two or more, or n is four or more, or n is eight or more. The repeating units

{MP(ER)(ER)} and {M*(ER)(ER)} may be alternating. A polymeric precursor may
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adduct (RE)-BAB-MA(ER) 4, as well as the adduct (RE)2-BBAB 6. In general,
the nolecules 4, 5 and 6 may be transient nolecules that are not observed
when a | omgen11lBeisai n is ultimtely produced. Q ireT/use@onimss and
addi tions which may occur include the addition of certain propagating
chains to certain other propagating chains. For exanple, as shown in
Reacti on Schene 4 adductI may add to adduct 2 to forma | onger chain.

REACTI ON_ SGHEME @&ﬁﬁﬂag?\ B)d wherin A is the repeat unit {M (%ER)(ER)} BIS
( RLE) MB( ERL) 2MA( ER2 EiL) VB éﬁm)él\m ER?) ( ERL) VB( ER1) one

aspect, Red @re@ﬁatseﬁ i*é}sléﬁilesoﬁfh@eaf%mﬁﬁ‘t“iodﬁ H&fre tOhéwath@e@t (RE) BABAB
7. 5Any of ﬂlg'l% Jﬁ‘&'l@i% 'irﬁlépe%derﬁy s@lect?d‘%r eaémcycca?entcé q{bﬁl eﬂp};l ar?ind ma-y not be

observed when a longer chain’is ultinmately produced sone
vari at i ons, hetergarplpallenyl, emidst eipylrrag H}@rgﬂmca@d arg@nlabg@dﬁolr@@mbe For exanpl e,

bl L?Lyc§5p2?‘§a#§?%“§aa§15035m§%%&§%”*1‘3 st 1 R T e e pr epared
by sequent i @E)aBBLRBARET.-BAS)BIABaS l(ib]ﬁlﬂi(ﬂg)nBBn(R@f B(BﬂDnBER) 3, m2(E-) 3,
or “addi 1 ontCiar B B er Bk ooy BPOHBRAA B ey i ncl ude the
formati on oREGHA@BR)(AARRENED),,, (Bﬂ)ﬁmmm)n@em)hmﬁmpﬂmnﬁw anidhe addi ti on of
2 monomer LSRN\ ' DR TRAS g TR B RS pgned 15chai
( RLE) MB((ER1)MMBRERR) Y, ERL)NB( EiRE, SMASERS b( mkk) MB{ ERI}Ror8ndvl and BRs ER2 \ /
one or more. In further aspects, a polymeric precursor may be a block copolymer
containing one or more blocks of repeat units, wherein each block contains only one
kind of atom M”,
A precursor compound of this disclosure may be a combination of x
15  equivalents of MAl(ER), v*(1-y) equivalents of MBl(ER)3, v*y equivalents of
MP*(ER)3, wherein M™! is Cu, M®'and MP? are different atoms of Group 13, wherein
the compound has the empirical formula MAlx(MBl1_yMB2y)V((Sl_ZSeZ)R)W, wherein X is
from 0.5to 1.5, yis fromOto 1, zis from O to 1, 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, independently selected
20 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 CIGS materials, including materials deficient in the quantity of a Group 11
atom.
In further embodiments, a precursor compound can contain S, Se and Te.
25 In some embodiments, a precursor compound can be a combination of z
equivalents of M*!(ER"), x equivalents of MP(ER?);, y equivalents of MP*(ER?)s,
wherein M*! is Cu, M®'and M®? are different atoms of Group 13, wherein the
compound has the empirical formula CuZInXGay(ERl)Z(ERz)gx(ER3)3y, z is from 0.5 to
1.5, xis from 0 to 1, y is from O to 1, x plus y is one, and wherein R', R% R? are the
30  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 CIGS materials, including materials deficient in the quantity of a Group 11

atom.
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mB\ ER ERNA\ ER ER2 \ / mB RIEZ \ER The propagation of the

pol ynmeric precursor can be represented in part by the formulas in Reaction
Schenes 2¥02p1012a3d 5. The fornulas in Reacti on SchemesP2T/UB2014/084945 5
represent only sone representative reactions and additions which may occur
5i n propagation of the polyneric precursor. Term nation of the
propagati ng polyner chain may occur by several nechanisns. |In general,
because of the %hs&ﬁ&ﬂ&ﬁre%ovﬁ&@a%r@%f%@é}ﬁ ﬂl&ursar EMPRRdsathdR Bl Yy mer chai n
may termnate in a MB unit ut not an unit. In soge aspects, a chain

t er ni nat i ngreagting aifisst osome M. (E&)s withEryerd genpmerd| FRshbergdbeb s, t he

pr opagat | Ofiygfo i rH&éDéEH?ﬁ% §w195§%m%@r&g@vEn§§ YeNate, whee ei ther of

t he nononers NB( R) 3 becones de te In’certaih aspects, as
shown in RexwdtR’@re t@@%meorshffeﬁmam%pa@emndfmﬂmsel@ﬁ@i feorn ghegk pyLpr ecur sor
chain t f | a (RE)-BB
reactsna?tﬁ%%%% &ﬁdln IB»MBQH% gﬁghggfQ&Eﬂ%ﬁgﬁE?m%Q%?o%%ﬁ? to forma
chai n havi ngax mtaﬁrom mpbfalnBBBB {MQEEE)(ERI)\} SCHEMEaBng il {FE(EIBEBI}er m nation

( RE) 2BBBB 20he ein nJs e or maocet OIOI’I?IS§ 0.01' 1’1’101'6’ I'tl’}l\l%J rhalrr}gor R 1S ?t}l gd \Nher e
t he propagévlon of ?h fyner W' 'S >essen ? ern1na “@nd the

product chafioneach occurrence, the same as R' and R’

A polymeric precursor molecule can be represented by the formula

10  {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
amount of each kind may be specified in these examples by the notation

15 (x MP'y M™). For example, the polymeric compound
{Cu(S€e"Bu)»(0.75 In,0.25 Ga)(Se"Bu),} is composed of repeating units, where the
repeating units appear in random order, and 75% of the repeating units contain an
indium atom and 25% contain a gallium atom.

Examples of polymeric precursor compounds of this disclosure include

20  compounds having any one of the repeat unit formulas: {Cu(S'Bu)(S'Pr)In(S'Pr),};
{Cu(S'Bu),In(S'Bu),}; {Cu(SBu)(S"Bu)In(S"Bu):}; {Cu(Se'Bu)(Se"Bu)In(Se"Bu)};
{Cu(S'Bu)(Se'Bu)In(Se'Bu), }; {Cu(Se'Bu)(SBu)Ga(S'Bu)};
{Cu(Se'Bu),Ga(Se'Bu),}; {Cu(SBu),Ga(SBu),}; {Cu(Se'Bu),In(Se'Bu)y};
{Cu(Se'Bu)(Se'Pr)In(Se’Pr),}; {Cu(Se'Bu)(S'Bu)In(S*Bu),};

25 {Cu(Se'Bu)(Se'Pr)Ga(Se'Pr),}; and {Cu(S'Bu)(S'Pr)Ga(S'Pr),}.

Examples of polymeric precursor compounds of this disclosure include
compounds having any one of the repeat unit formulas:
{Cu(Se'Bu)(Se"Bu)In(Se"Bu), }; {Cu(SBu)(S'PrIn(SPr),};
{Cu(S"Bu)(S'Bw)In(SBu),}; {Cu(Se"Bu)(Se'Bu)In(Se'Bu)};

30 {Cu(S'Bu)(Se'Bu)In(Se'Bu)}; {Cu(Se'Bu)(SBu)Ga(S'Bu)};
{Cu(S"Bu)(S'Bu)Ga(S'Bu),}; {Cu(Se’Bu)(Se'Bu)In(Se'Bu),};
{Cu(Se'Bu)(Se'Pr)In(Se'Pr),}; {Cu(Se'Bu)(S*Bu)In(S*Bu),};
{Cu(Se'Bu)(Se'Pr)Ga(Se'Pr),}; and {Cu(S'Bu)(S'Pr)Ga(S'Pr),}.
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(RE)2BBBB has chain termnating units that are B units. 25In further
aspects, the propagation of the polyneric precursor chain nay term nate
when t he woawimg7zskain forns a ring. As shown in Reacti @0THSh@0®44055 a
propagating chain such as 5 may term nate by cyclization in which the
pol ymer chain fornms a ring. REACTI ON SCHEME 7: ER / AMV-ERZ ER |
5cyclization termnation ER1---MA IERL ER ------ ERL 1, ,\lIl '"p ER

-- -, MA*. - MU, . -Example) oipo%Fﬁlerﬁpﬁ’&hbé@ieé'dnﬁboﬁﬁ(ﬁ(b'ﬂfﬁ@dls&&mqwﬁde”ay be a single
chain, or a distribution of 5chains having different |engths, structures or

shapes, suctPmeukdncnsany eehdekegat wEdemusesri c, and cyclic shapes, as
well as co lﬂgth§§0@£C¥ﬂgTb rqgh@ﬁB)ﬁhﬂﬁbﬁﬂﬁbﬁc precursor conpound may be

any conbi nati on ecu ucts and chai ns descri bed above in

Reacti on Scﬂéﬁ%guls?hW@HQWG?BuA}d&hﬁhéﬁﬂ@kﬁﬁéﬁmﬁgﬁﬁeBﬂh}h|s di scl osure may
be made Py [NRSBLREESS(18/Ga)SeBU)}: (Cu(Se'Bu)(S'Bu)(In,Ga)(SBu)}:;
{Cu(Se'Bu)x(In,Ga)(Se'Bu),}: {Cu(SBu):(In,Ga)(S'Bu),};
{Cu(Se'Bu)y(In,Ga)(Se'Bu),}; {Cu(SeBu)(Se'Pr)(In,Ga)(Se'Pr),};
{Cu(Se'Bu)(S*Bu)(In,Ga)(S*Bu), }; {Cu(Se'Bu)(Se'Pr)(In,Ga)(Se'Pr),}; and
{Cu(S'Bu)(S'Pr)(In,Ga)(S'Pr),}.

10 Examples of polymeric precursor compounds of this disclosure include
compounds having any one of the repeat unit formulas:
{Cu(Se'Bu)(Se"Bu)(In,Ga)(Se"Bu),}; {Cu(S'Bu)(S'Pr)(In,Ga)(S'Pr)};
{Cu(S"Bu)(S'Bu)(In,Ga)(SBu),}; {Cu(Se"Bu)(Se'Bu)(In,Ga)(Se'Bu)y};
{Cu(S'Bu)(Se'Bu)(In,Ga)(Se'Bu), }; {Cu(Se'Bu)(SBu)(In,Ga)(S'Bu),};

15  {Cu(S"Bu)(S'Bu)(In,Ga)(S'Bu).}; {Cu(Se’Bu)(Se'Bu)(In,Ga)(Se'Bu),};
{Cu(Se'Bu)(Se'Pr)(In,Ga)(Se'Pr),}; {Cu(Se'Bu)(S*Bu)(In,T1)(S'Bu),};
{Cu(Se'Bu)(Se'Pr)(Ga, T1)(Se'Pr),; and {Cu(S'Bu)(S'Pr)(In,Ga)(S'Pr),}.

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

20 {(1.2 Cu)(1.2 Se'Bu)(Se"Bu)(0.7 In,0.3 Ga)(Se"Bu),};

{(1.3 Cu)(1.3 S'Bu)(S'Bu)(0.85 In,0.15 Ga)(S'Bu),}; and
{(1.5 Cu)(1.5 SeHexyl)(SeHexyl)(0.80 1n,0.20 Ga)(SeHexyl),}.

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

25 {(0.85 Cu)(0.85 Se'Bu)(Se"Bu)(0.7 In,0.3 Ga)(Se"Bu),};

{(0.9 Cu)(0.9 S'Bu)(S'Bu)(0.85 In,0.15 Ga)(S'Bu),};
{(0.75 Cu)(0.75 S'Bu)(S"Bu)(0.80 In,0.20 Ga)(S"Bu), };
{(0.8 Cu)(0.8 Se'Bu)(Se"Bu)(0.75 In,0.25 Ga)(Se"Bu), };
{(0.95 Cu)(0.95 S'Bu)(Se'Bu)(0.70 In,0.30 Ga)(Se'Bu),};
30 {(0.98 Cu)(0.98 Se'Bu)(S'Bu)(0.600 In,0.400 Ga)(SBu),};
{(0.835 Cu)(0.835 Se'Bu)»(0.9 In,0.1 Ga)(Se'Bu),};
{Cu(S'Bu)2(0.8 In,0.2 Ga)(S'Bu).}; {Cu(Se'Bu)y(0.75 In,0.25 Ga)(Se'Bu),};
{Cu(Se'Bu)(Se'Pr)(0.67 In,0.33 Ga)(Se'Pr),};
{Cu(Se'Bu)(S°Bu)(0.875 In,0.125 Ga)(S°Bu),};
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10 providing a first nononmer conpound having the fornula MB(ERL) 3,

provi di ng a second nononer conpound having the forrmula MA(ER2), and

cont act i yot2he/fira3st nononer compound with the second mpaoomseo0omestind. | n
sone enbodi nents, the first nmononer conpound nay be a conbi nati on of
conmpounds having the fornmulas MB1(E- 1,3 K ) and MB2(ER3) 3, wherein MBl and
MB2 are different atons of 15Goup 13, and Rl, R2 and R3 are the sane or

di fferent a{@l(gg%)(gm}g@gglﬁmd)ygé)@g;eqq;z?cgnﬁrom al kyl, aryl, heteroaryl,
al kenyl, am do, sil 14 i norganj c and organic Ilgands In certain

aspects, thECuEBEKY ﬁﬁ)rﬁ?nlﬁ;ooéﬁ SR&2hmy be a combination of corrpounds
having the formyas, %@;ﬁ&gﬁ)}erﬁ%eﬁ}%&( ERDbunde i s MR iAlgey, and R3 is

defined the sane as Rl an 201I'n further aspects, a met od for making a
pol yreri ¢ proswgredshayving aynake ol hetrensatsipiftipranilas: gfu(se® Bm)z@bﬁ@rﬁil)z}ont ai ning two

or nore ato s t onpound MA(ER),
where e I BB P P e A By 5

m (ER]Z fZI\/BZ(ER)(&eBla)EGal:Q&e Behk;t{étd(Sﬁ‘BSH)zOdﬁﬂeERQz)}, {@#(S'Ba)zMBSBahlﬁ, MB2 are the sane
or differen Q maki ng a pol yneric precursor
i ncl ude enb“i)cclﬁé gs)égeBlev{}g &)3} ég?(:g%ut)%jngsnoﬁ)é}r céc()rrpound and the second
nonomner conﬁbﬂSﬂBuﬁSeBxﬁGa((Sre‘&Qt}ed in a process of depositing, spraying,
coating, or pri rtai n enbodi nent first noner conpound
ond the’ second onBHss SRR R LRt Rir LG e dNBBRaT ur o or 1 om
about - 6D Qoﬁ@oﬁr&t@ﬂhﬁwﬁi@&a}(z)ne@@ﬂﬁ&é@hﬂ@dfsﬁnmllashl grretrybof pgl yrrerihc
precursors P c y conpound may be nmade with any
desired stoi(g}?g%ﬁi@%ey&‘ﬁ?l Qe%%@ié: éb)z ‘he nunber of different G oup 13

el ement s an{t&%ﬁ)(ﬁ&&@@ﬁiﬂlﬁ@ 25884)GR Bu), }; {Cu(SBubzmﬁﬂ)mzfsf@Q@Bﬁgf}tS t he
stoi chi onetr precursor conpound 10 may be controlled

t hr ough theanﬁdﬁzﬁ@%u)dp%éﬁgil\%)@rﬁ‘@z}of the mononers in the formation
reactions. In sqigm ?I%E’@Pﬂﬁmérﬁ%rmﬂ@f%ﬁ)om%gﬂﬁs dsdrand iMBERL) 3 can be

used for polynerization 'es of thése nononers are In(ER)3, and
Ga(ER1) B vw@rp@umdﬁélagng)mysorﬁofﬂ&rweétwnﬁéorwﬂﬁé or different and are groups
attached th{@#%g geﬁ%)@gﬁB@@ gﬁl(?ga;aﬁgénggﬂ vatom including alkyl, aryl,

het er oar yl nyl, I nor'gani ¢ and organic Ilgands In
some enbodi fenben- h@*}’é))@ﬁ(ﬁm@ 7§InQ25&iaéz(Sc"lB@)z%arre or different and are al kyl

groups atta ¢ In further aspects, the
nonomer s I\/Ilﬁdlﬁg) (@@?ggﬂgﬁl\éﬁgébiggpﬁ}can be used for polynerization,
wher e the grQupe- d@tyl)B{EtBlﬁ@9mla£ﬁ®( whi.t he sanme or different 20 fromthe
ot hers d are groups attached through a carbon or non-carbon atom
including al kyl, aryl, heteroaryl, alkenyl, amdo, silyl, and inorganic and
or gani ¢ | i ganptsatiohnf sdpmedairodirsoen®™bP)t he groups R, Rl, R2, R3 are each the
igf‘;oﬁraf'om er end a2 NS oB8 DL iR N3 Aty br S QURS p‘%‘éc%%Ched through a

molecules and compositions which can be synthesized from a compound containing

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

indium-chalcogen, and CIGS, copper-indium-gallium-chalcogen, absorber layers.
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Enbodi ments of this invention may further provide that the stoichionetry of
a 25 polyneric precursor conpound nay be controlled to any desired | evel

t hrough twe 2adjusi3rent of the anmounts of each of the nomomarsgolpoaossied i n
the formation reactions. As shown in Reaction Schene 8, a

pol ymeri zation to forma polyneric precursor may be initiated with a

m xture of nononers MA(ER3),, mmi (ERL1,3 ) and 30 m2(ER2)3 REACTI ON SCHEME
8: mnBi (ER1)3 m M thtjubdl 82l 88 made with an ir

mA( ER3) ( ERL' 2) (,nngl( ﬁﬁrﬁ%ﬁ%&%ﬁ% Zlmlunél Re%g?i ocrlle\gchegedeg,eda pol yneri zati on
can be per foeigEeMet Withareapoet tgrtlee nymbepefohierentiGrownls dementedatunts. | n
certain Varﬂe?ﬁek%sraticﬁ. polynerization to forma 5 polyneric precursor may be
initiated with a mxture of any conbination of the nononmers descri bed
above, where thesriebesed bflowqupolaneisipsecofsorepatponphomebe madedyj ust ed to any

arbitrary | / i . nonomer s
VA(ER) - T o BT ABRRE Bolyafl B A BT Bl o or can be
control | ed feacionscah@rctdeaniagidnomopegation? anditetnngationi t BAB, for exanple, to a
ratio of 1:1 in al ternatin AB) . n_polyneric precursor, t rati o of
12503 or hi gher M KRB ARyl TRE BoRICEY ERGr chfielul "y be
0.5 to 1.5,a@mmuid MS(ER); with 4 corapdund M (AR}, ovhBre*, 0>, E, IndtRa@.a5. As

di scussed a Qve bin further enbodi nents, a polymneric precursor conpound nay
be made wi tff"3RY289&%i red stoichionetry with respect to the nunber of
differemt G oup AsshoweleR®otich Suhené hei meth@bfoe fhkivg a pallymofic pretur@er t ai n
aspects, a polynerization.to forma pol i recursor c Re done to form
a pol ymeri ?%éﬁ]ﬂfleséfa SHROT orgtagiRe & _ pBu%({W@%tlg _.?CREIPQH%‘[ &#H?eacti on
Scheme 9, awRQb ¥MIEKMPCandFeGH bS@TinbEMW NG atd e SRUROS! dnl ®A of Mc MA(ER) / m

MBL(ER)3 / n MB2(ER)31 may be formed using the mi xture of nononmers m
compounds may be the same or different and are as defined above.

REACTION SCHEME I:

nitiation

s MB(ERY); + MAER?) -  MAER)ERHMPERY, 1

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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20 M ER) 3mB2(ER)3 p mA(ER). REACTION SCHEME 9: nBi (ER)3 n nB2 (hi() p
MA(ER) fp MA(ER) m rrB (ER)3 n nB2(ER) 3} polyneric precursor I n
certai n wipi2attvamss any nunber of nononers of MA(ER) an@&Carms20maoip®ss of
nmononers of MB(ER)3 can be used in the formation reactions. For exanple, a
pol ymeric precursor nmay be nade with the nmononers MA(ER), mi, (E-,3 tc)
and , mB2(ERL, 3 ) where the nunber of equivalents of each

mononer i s @PyvilONeER R/AEJ‘II% dreglﬁzEt}?\}eW ah YncRHAHons, E, R and MP0fre &xanpl e, the
rati os of the atons in a polyneric precursor may be about 0.5 : 1 or

greater, ordeABediaboge.6 : 1 or greater, or about 0.7 : 1 or greater, or about
0.8 : 1 or greatf bnotfr ef’a@l%f@ aQoRpount W(Eﬁ5 gAY, epgfed%p%ﬁt:tngg 19[5X 1 or
greater. In certain variations, the ratios of the a a

pol ynmeri c pvile(REB6KCHay Ti@Gabmgmndj(ﬁﬁ)sl(@{mcagbemaéfrby I@ﬂctlaﬁMn(EfD 1 . 1 or
greater.g w1thXSI(EHQW&HQE%M]??%\?E&E%Kt %%gﬁ %tﬂaf(’) opf the atoms MAZ MBin a

pol ynmeric precursor out to a out 1.2, or from about 0.6
to about 1.2, orInflmaﬂmrammﬂle (acampoumitmL(ERlcall,beqxrepfaredrbya@otMgM £ to about
abou 09t0 t 1. In sone

1.1, or froma t or_ fro
t ih P[E In palo Cu?aﬁa&?(# k?‘rsdnl\ﬁﬁpref%re yreai{ol.n&)(i?uOWu pr ecursor may be

exanpl es, e ratios
about 0.80, or mowtan@lesapompombmﬁ(mmmbme@mmyreacaﬁgwmmaaut 0.88, or

about 0. 90, ut, O. or about 0.96, or about 0.98, or
about 1.00. M @@b%&@%‘?be%@% a[ﬁtdePl ed%’rov%tbout 1.2, or about 1.3, or

about 116. |In theafidheginide, habmpsunV®(ENRB,cath h@plfep:irb(f)b}rl%ﬁc&lﬁlg MXst he sum of
all atons of specti vel there are re.than one kind of M
A or MB, su?fﬁh%w&h HoEsempoAd @Wﬁkﬁaﬁ %E’Fﬁ%ﬁ%@ﬁ@ﬁ‘g g a pol yrreri c
precur sor conpoufRdndiRticRdn dﬁmacbﬁp@afdlm‘qﬂwchn 6OpRPEtd byoRadiMAMER), 2(m Bl ,

NI - B2) (ER) 2}. ma% be formed using the m xture of nonomers m MBI (ER)3 n

m2( ER) 3 mAVERIERREACTI ON SCHEME 10: m ni11(ER)3 n m2(ER)3 MA( ER)
{ MACER) 2(m MBI , nvifadvet, BRI Jordp@at BB 61 dCp NG 1S UrsbiE R8Ghp g uni t

15 M MP(ER), can optionally be used in place of a portion of the compound MP(ER)s.
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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25 In Reaction Scheme 10, the sumof mand n is one. Enbodi nent s of
this invention may further provide a polyneric precursor made from nononers
of MA(ER)wendiiMB(BR) 3, where the total nunber of equivalPemus2ab/ommadbrers of
MA(ER) is less than the total nunber of equivalents of WO
2011/ 017236PCT/ US2010/ 044055 nonomers of MB(ER)3. In certain enbodi nents, a
pol ynmeric precursor may be made that is substoichionetric or deficient in
atons of MA rel gf RégtibR SeHea¥®, Bfe alBtion of a monofier NEEER e @rRERHAS 1RXPr essi on
MA is deficient, or MAis deficient to MBrefers to a conposition or
formul a i n fRiaddugtAemay pioduck ed@itions et amh3trwactively- Sagnapseitther ein, t he
expressi on Wckigh GRERED brosis M8 hrinaEN LEREAILE!RELERH & M dgher s to a
conposition or fornmula in which there are nore atons of MA than MB.
As shown i rediteeidntirored@tseR (ER). dngeneyshethi eddyeie 2@nd dmabide ragpiathe enpi ri cal
formul a M ST (S Sez
VR rmy bt oLt ug bl ped when o longg chaln s ltmargly podieod. 155 £y § and
MAL(ER). 10 REAGTk@NISGHENEe inltial plopagayipn MBpsimayER) Bnue(ty hddvi@{oER)CGMA( ER)
mAX(nmBl 1-y_ nB2 | A (ER polyneri [ ecur Sor ere can bhe (3v+x). 15A
recursor Japaaidr o iy R PR O bGP Rl VR oL R RGP or i a
mAl x( Bl i yMB@®R % or MY (ER?). ) Si_zSez)Rw, wherein x is from
0.5to 1.5, yisfromOtol zis fromOtol vis from0.5to 1.5 wis
from2 to 6, and R represents R groups, of which there are w in nunber,
i ndependent REAETEONSCHBMEI3KY! , aryl, heteroaryl, al kenyl, amdo, silyl,
and inorganic and organic ligands. In these enbodi nents, a precursor 20
conmpound can have the stoi C&L&gﬁ{o{ly useful to prepare CIGS materi al s,
i ncl udi ng mat QuMéﬁgR?j cient in theg quantity of a Goup 11 atom I n
sone enbodi neMs, the enpirical formula of a polyneric precursor can be
Cuxlnv((Si _zSez) Rw, where Ris _as defined above, x is from0.5 to 1.5, v
is fromO0.5to 1.5, z is (R(SE)M]%(ER;LI?ZM&{E\RZI)QERIMP@ERQ))ZMA@RFI) sgne
enbodi ments, the enpirical formula of a polyneric precursor can be
Cuxlnv((Si _zSez) Rw, where Ris as defined above, x is from0.7 to 1.2, v
is fromO0.7 to 1.2, z is fram0,to0 (S Q {9 _6; Ln sone
enbodi ments, the enpiri caM%@%(E@b@MQM%@P?})@B?MB(EBA):be§
Cuxlnv((Si _zSez) R),, where Ris as defined above, x is from0.8 to 1, v is
from0.8 to 1.1, zBis flromﬁromagatibn and wis from2 to 6.

2+ MP(ERD); -

0 R'E),MP(ER),MPERY,MAERY)ERHMPERY), 6

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

15  chain is ultimately produced.

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.
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In sonme enbodi ments, the enpirical formula of a polyneric precursor can be
5CuxI nv((Si _zSez)R),, where Ris as defined above, x is from0.8 to 0.95, v
is from OW0O=20t10112305, z is fromO to 1, and w is from 3PETIUS2610444055 In
sone enbodi nents, the enpirical formula of a polyneric precursor can be
Cux(ImyGy)v((Si _zSez)R,, where Ris as defined above, x is fromO0.5 to
1.5, yisfromOtol zis fromOto 1l vis from0.5to 1.5 and wis
from2 to 6REACTIONSCHIRRE ents, the enpirical fornula of a polyneric
precursor can be Cux(IlmyGy)v((Si _zSez)R),, where Ris as defined above, x
is fromO0.7 to 1.2, y iﬁmf)(yggtqgno to1l, zis fromOto1l, vis fromO0.7 to
1.2, and wis fragn2 to 6 - In sonme enbodi nents, the enpirical
formul a of a polyneric precursor can be Cux(IlmyGy)v((Si _zSez)R),, where R
is as defined above, x is from0.8to 1, yis from150to 1, zis fromO to

1, vis from Bl-d.1 d w.p B 1016, /A 2 liefgi odpnments,
t he enpirical ?J?‘EE“MI éE%f )Qﬁpmligg%[ e@i}?s)@M C@H&Q&]‘iﬁ Ef{HB)Z i

Cux(I myGay)v((Si _zSez) R),, where Ris as defined above, x is from0.8 to
0.95, y is fr OmIQ oﬁé) séect,zRe'aétiofan%HénQel%pljesen\(s the fcfr@%rd Oof% a.tdau&' 05, and wis
from3.6 to 4.4. n Farther aspects, a mxture o pc?l ymeri c precursor
conpounds nRE)ZPNRIAt ageously be prepared with any desired stoichionetry
with respect to the er..of, differ up. 13 el eir
respect ij\?e rati 6%& Of%%@m%egéh%vgﬁgrfdnf ﬁé’a‘??@ﬁleécﬁngn@%ﬁﬁt B%g%gﬁvg%%eri C

precur sor ceuauncenehaihe upinepdy pehdimedcont acting x equi val ents of M

equi val ents of I\I/AgERS%d vher e VBl gndtl\/BZ are . ifftetglent atlorrg of G oup 13,
x is 25from 0.5 P o&omt BHaOnssa pogigatoE iRy RIOVIgr 4 SEOIF MOSeli, 5% 1o 1.5, A
pol ymeri c pexampleS@bictaimpapibch dEble halkeulé.he enpirical fornul a

Cuxl nyGaz( ERL) x( ER2) 3y( 3z,. re RlL, R2 an re the s or each
different from éﬁé#eﬁ’ﬁﬂer?@ﬂgﬁ&cwaf .escgﬁﬁfg‘f?:@ﬁfﬁ S frgﬂ; MB2(ER2) 3 +
z M ER) 10MzihrohQH 1 A3 Be preffaredlbyydelien}ialddditiciERRthy cyes FRding noyeB i C

precursor Crgssli nkbpg ol ymeric precursors 5Enbodi nents of this invention
enconpass ¥t WBRL: Mnd ]%g M t(EBhQurfngpolymerization or 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
15  chain 8.

REACTION SCHEME 5:

7+M A(ERz) branching

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

M

A
/

ER! \ERZ
NI

B
/N
ER!' JER

\MA
/
ER! \ERZ

NEZ
MB
/N

R!E ER!
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crosslinking polyneric precursors and conpositions. In sone aspects,
a crosslinked polyneric precursor may be used to control the viscosity of a
pr ecur sorwoanpa@sairidkon or a pol yneric precursor ink conp®€iritiseno/0F4ss
crosslinking of a polyneric precursor can increase its nol ecul ar weight.
The 10 nol ecul ar wei ght of a polyneric precursor can be varied over a w de
range by incorporating crosslinking into the preparation of the precursor.
The viscosity of an ink conposition can be varied over a w de range by
using a crosslinked precursor to prepare an ink conposition. In some

enbodi nent s, t he'hgPEpagating phdie oelymepopyerstar apbeepiesssicd dbpgd®ithe on 15may be
used to Conlfoﬁﬁl!llast 1H%e§(ét§)ﬁ@§hén§{es of 3 t4ha%d@O'THQ?drﬁthqu{eaQtionascH%é/s@@' c
precursor ink conposition. pol ymeric precursor conponent of a conp05|t|on
can be cross#idikispreipt ey swg,e @pr@m@@w eRétivgS algie@ﬁiﬂltlto@% wvhieh peypessi ti on. The
viscosity of e varied over a wide range by adding a
crosslin |nép§% t%?g??%§§§hi89%npo§?tlon 20l n further aspects, the
crosslinking ofTanpmwymﬁﬁﬂmrpmmg&n@gmhm@md@mlmmoamnayyhwmabed to control
the variation. of. properti af th i.lns e pecursor. Exanpl es
of a crossllﬁ%lﬁag%ge nmﬁ ‘ma EP@ %?%3@?391mﬁ%me Emfgﬂés defined above,
whi ch can |¢ondplgpal gprhsenerclmn nﬁy‘tﬁrmlnaﬁ: 1h/hE4Bl\ﬂrmrb13$1btamlM unit. Insome Exanpl es
of a crossllnklng agﬁ i ncl ude Hg EH, NAQE?F H.and 25 MA(ERE) MA, where MA,
E, and R arBPEL geHaqgpmpgt s e u@&iya nki'lg agent can be made by
reacti ng Cu20 wirh boridEREE S, ehefppspapition BRE: o metit (R} &2i¢hain may Exanples of a
crosslinking agent include. dithiols for exa HER EH
where E and%ﬁmg g When il ofdbe mppRpers &B&@ ﬁﬁo@%gwow%ﬁpl h two ER
groups of diff erngoértdpPispecay, h@shl@ﬁvﬁ@&k%ﬁor@b@ieﬁé 6t @e biopkeatiboLh@i ns toget her.
An exanpl e of crosslinking using HER EH i s shown in Reaction Schene 14. 5In

Reacti on Sciféyfaeritprecuizgr ?,lﬁ@a A tEfmiBaty WhohbEiow g cBai reBeseHeedy thaked by t he

ﬁ/k S ﬁ/la eno IR V‘fohﬁul@ (RELERLBRREs vt HRBheREATH (e B ENE tlhinal (RE)-BSL 1 , ER\
15 umt to form a chain having the formula BesssseBBeeesse B,

REACTION SCHEME 6:

termination

2 ( RE——Besesssssssssssssss B )

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

20
In Reaction Scheme 6, two chains have combined, where the propagation of
the polymer chain is essentially terminated and the product chain
(RE),BeeeeesBBeseeesB has chain terminating units that are B units.
25 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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10l n anot her exanple, Cu(ER E)Cu can be used during synthesis of a

pol ynmeric precursor to form crosslinks. Enbodi nents of this invention
may furt wo 2priomizse a crosslinking agent havi ng t he for molrasS2010/044055

(RE) 2ML3( ER E) ML3(ER) 2, where ML3, E, R and R are as defined above. A
crosslinking agent of this kind may be used either during synthesis of a
15pol yneric precursor to formcrosslinks, or in formation of an ink or

ot her conpo enbodlnents a pol ynggiic precursor nay
incorporateﬁgi%gsllgﬁggpgtﬂdﬁg?Fonal groups. A crossqﬁakable functional
group may be attached to a portion of the R grg oneMBt—mBRe ki nds in
the polyneric precursor. 20Exanpl es of crossl%éfab Ehkn\onal gr oups

i nclude vinyl, vinylacrylate, epoxy, and cycl Qagddigr'on andE Al der
reactive pairs. Crosslinkiggmgﬁ> be perforned ™My nethods kno§;V§3 the art

i ncl udi ng the use ofsheat., ght af,.a catal as well as b cani zation
with elenmental sulfur. Dopahhsion §< enbodl nment s, IE}/(ﬁlﬁ/meri c

precursor conposition may include a dopant gpant may be intfoduced into
a polyneric precursor in the synthesis of 5th Dremursor ernatively,
can be added to a conposition or ink containi ? POER/ r|c ecursor A
sem conductor material or thin filmof this dEf c%g e mag@BfT

pol ymeric precursor nay contain atons of one or nDre\gopants thhods for

i ntroduci ng a dopant into a photovoltaic absorber IayéB»lncIude preparing
the absorber layer with a polyneric precursor of this invention containing
the dopant. 10The quantity of a dopant in an enbodi ment of this disclosure
can be fromabout 1 x10-7 atom percent to about 5 atom percent relative to
t he nost abundant pdyBeis Pracuatop pempaung merbe s singly chamer edyoibuiienels, a dopant
can be iqcl f | x 1021 cm 3.
A dopantﬁcaﬁggéh?%% udgﬁﬁhmg&mf%v uﬁg%9$1% gﬁﬁagg%ﬁﬁ%gfgggg%%ht 10, 000
ppm 15In s@méﬂwﬁbndmheﬂhgﬂwaﬂd@paﬂhmwambmanmaOQmRéhgmngtamOHU@nv|ncludlng
Li, Na, K n i [ odi ments of
this invent O%H%%gx@%P ﬁhﬁyﬁﬁﬁ{(%ﬁ%ngt%EgnPé%@Egﬁ&gg&gfka??ﬁgﬁggrth met a
atom i ncl uddesbié,ade@,in RieactiSr SchBags hﬁrdm@hm xture of any of the foregoing.
InsomaeMdemnt ransitio al _atom.from Goup 3
20 through Group' 1 ijm?rhccl?r Cd‘rsﬁrgwlsﬁlscgﬁa lbe?ﬁge%t eP—ﬁ)CGSéWlé a nixture of
any of t(he providggiafigst monomer coﬁnpdﬁmﬂﬂfvmgfthetfhtmldh@@lw%uplevﬂﬁlg abe a main
group atomincluding C Si, . ..oN b, P ».Sbh, Bi, m xture of any
of the foresﬁf)‘?“ﬁldnonogler Compounﬁqvﬁlgs%?wgnﬁglﬁgéﬁgfi )aanﬂ(?PVﬁ%‘rng%% dcur sor
conposi ti omn&mfneadmua@a@tusﬁeyse&ﬁld%&mmaﬁé&q)ohﬁn ilnconhpenedemaltkal i net al
ions as dop % For exanp a polyneric precursor conposi tion nmay
be prepared E:E‘Fshﬁloa?iﬂ%{r‘fﬁ@ﬂ?unéfmﬁ%é’@Eﬁ?mbWﬁ%QUeOfEOWEO‘E@dBPaVSE% thd Ris alkyl or

aryl. In cefoldhiik RERH MR @RIPOWVIERHING RLE MPF 5RIIiFMIBhEsipn My be
prepared using an anmount, of Nal n(ER) 4, NaGa(ER) 4, Lil n(ER24 Li Ga( ER) 4,
Kl n( ER) m K@(‘Eﬂé’&nd& R‘na%fl Br ak tl@qﬁgm@@f d1fﬁﬁﬁ§‘y gnd 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
Cu, and R’ is defined the same as R' and R®,

20 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.

25 Methods for making a polymeric precursor include embodiments in which the

first monomer compound and the second monomer compound may be contacted in a
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30 Eis Sor Se and Ris alkyl or aryl. A polyneric precursor conmpound of
this kind can be used to control the |level of alkali netal ions. A
dopant newohkelpmmssded in a precursor as a counterion oPCratSeadue®dsi nto a
thin filmby any of the deposition nethods described herein. A dopant nay
al so be introduced into a thin filmby methods known in the art including
ion inplantation. A dopant of this disclosure nmay be p-type or n-type. Any
of the fore@@éeggofdﬁp@sni@ {PRayile cobsing danfi’t'[hg' MK c@haint dMsddinMANIE @Rt Cappi ng
conmpounds 5ln some enbodi ments, a pol ymeric precursor conposition may be
formed as sHeMNGT ﬁom@@a%ths&weﬁ%@oqomw@mwné maythe centeied %2 nor e cappi ng
conpounds q%&»éggﬁqﬁﬁﬂm{ﬁ%u{%gaéhpﬂ%utﬁmaépplng conpound may control the
extent of pol yner ain formation. A capping conpound nay al so be used to
control the viscosity of an ink containing the polyneric precursor conmpound
or conpasi t-QRouas J e Yol fpppd ability to froma

suspensi on. P ' OUT T de inorganic or

organonetal lic oéopqdylemﬁspmdwsrohcdzmmnd maybpelaﬂe wigh ami desirell or B, or both, and
prevent further. c aln agati on a n unds |nclude
ROMBER, and’ tﬂ%ﬁf lg Iig)ecgtoéh ¢ uimbet gfn&)%&srent%rau %?eé?lgen%ta;lrﬁ% ermligand
refers to ammm&h&nmnm chenlcal nnlety that can donate el ectron density in

bondi ng or coor |nat|o n entate, bidentate or

ol 11 dontat o adh ogas R B F R SRR O SReR Fee B PRHRLS | | gands.
20As usad hesiyebacontrbiéeditiiotgiothe anthiserd df3gtdaleet of the on@ferOin@dli ¢ chem cal
group conposed of atons of carbon and hydrogen, having from1l to 22 carbon
atons, and GPPHALFACYOYont ai ni ng oxygen, nitrogen, sul fur or other atons,

whi ch can bind tigs@noispedts, BleGdndme FNTECRI S at dWIBYBR') Aca@ e R fat om  An
organic |ligand can_be ranched or unbranched, substitut ed or unsubstituted.

25As used HRHENGHIZatitfe Fxamples plotheps mamompig aFdniERe pad 96(%34 WstgHai ¢ cheni cal

group whi che 640 RIRNGrctiR: AR BIFfcRbPMd e %mh&%b&lea hfr&;ggfa @rb3RYr car bon atom
Exanpl es_ of l'i'gands i nclude hal ogens, er, al cohols, ethers, hydroxyls,

ani des, [Tarexspiban atpm, @wwde@g@ﬁfgllaé}tlé@ter@wlo@h%bﬁwd@s gly], and inorganic

sel enocar boyl Rl tighfil! W QR BB RhES e GRAPORALGS. Bl ahirerpliosPhat es,
sul f at es, perchforates, oxal ates, am hes used herein, the
tern1cha|co@@ﬁ%ﬁ%kégﬂ@b%ﬁ@ﬁk@t@ﬁu@t@@ﬁ@xyﬂ@ne sel enocar boxyl ate, and

tel | urocarboxyl l\aB1 1 py =} or Te.

As used herein, % éﬁth'?gﬁr/sh\&gﬁﬁh{ég%%lg g}én@i ?%QR ‘é}fﬂ?(‘i)\}?ﬁ( (h%ﬁo)zgr a%gltbg

sel enocar bawsad &r palwdletleitlbmrwiteaﬂtbagmumRr&vR &’ efvealothersdne @ﬂfiﬁdﬂ@EZ- wher e

Eis S ,Se, .or . Te nd ;R1 nd r r . different and are

hydr oge2nOS W(m fhe dth and S ?1upc§rR12t %%F%thﬁoughgg%gﬁxr nonIcéls of %Ofn 'gands i ncl ude

2-04 2Cr CT(Z)?nclﬁ%ﬂ‘rg alRQlOarthletﬁroEi@l all:élkﬁN% amlmﬁ ariﬁGEﬁrgarﬁﬂi;ﬂ o,rgahdiimi 3 PO4§- C
o = X is alky an is

chal cogen. 1€and ’éﬁ%}%i"g@)d&? R Ec\quge%ﬁ%%% éf“B?8ar yl's,

t hi ocyanat egiffe@iityftaanihp @thersainy kel akiyl gﬂasupmtacmﬂttﬁrbﬁ@&, cafod atoul.f i t es.

10Exanpl es of | Ianab (alsmeln?scolf dlse 1n§en-t10n may furﬁ%r pr0V1 ¢ tha[t g[glt_olichloﬁlreteryj 20f a NG2-, and

25  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

30  MPX(ER?); having any arbitrary ratios of stoichiometry.
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5032- where Ar is aryl. Exanpl es of |igands include cyani des or
nitriles, isocyanides or isonitriles, alkylcyanides, alkylnitriles,

al kyl i socweantodeén723al kyl i sonitriles, arylcyani des, aryl niPCTiUuSe&10/044055

aryl i socyani des, and arylisonitriles. 15Exanples of |igands include

hydri des, carbenes, carbon nonoxi de, isocyanates, isonitriles, thiolates,
al kyl t hi ol ates, dial kylthiolates, thioethers, thiocarbamates, phosphines,
aIkyIphosphk» j$l s, aryl al kyl phosphi nes, arseni nes,

al kyl arseni nes, “aryl ar seni nes,” aryl al kyl arseni nes, stil bi nes,

al kyl sti |l bi nes, arylstilbines, and aryl al kyl stil bi nes. 20Exanpl es of

| i gands i ncl ude - » CO, 3RSH, _R2BiatioRS- - SCN-, R3P, R3As,
R35b, al kenes™ Bﬁ%(gk hmﬂgazﬂgaéﬁhﬂf%gh’%dependently al kyl , aryI or
het er oaryl . Exanples of ligands include trloctylphosphlne
trimet hyl vinyl silane and hexafl uoro a ] ngt f+i gands
include nitric oxide, silyls, aIkyIger?n/‘]kj:(EIzlifrjy?{[g@/I ﬁﬁﬁ Pgernyls
al kyl stannyl s, aryl stannyls, aryl al kyl stannyl s, selenocyanates

sel enol ates, al kifRehiBASLIRNRS, a fbignkdiZa5i6h BAHUeReMBrmcI S iANOREKARE S
selenocarbanates tel lurocyanates, tellurol ates, aIkyIteIIuroIates

di al kyl tel Ilﬂ?léﬂn&trse@ any desiTg¢ HBOET én CIHN YasRIiQNs oAl aRRzeen tO§Q¥Ek%arrpl es of
l'i gands 4 n%a%ﬁerﬁ%é&ggﬁﬁ@ s‘esmnfatm&lmaqh&wé@f a%ﬁ'c&ﬂ&hmoﬂlo@ﬁﬁts

t hi osel enol at'es, sel enosel’enol at es, hi ot hi ol at es Kyl

sel enot hi ol mewamersdaggribeg hbqyﬁewleeﬁwhamé@beraprf vaaéeélltseﬁ@@@ll TBOTONRE Bs, aryl

t hi ot hi ol at I t | ates, aryl thioselenolates, aryl

sel enosel eno gggéaggﬁfﬁgﬁglgkghlothlolates aryl al kyl selenothiolates,
aryl al kyl thi osdheend aspess, ftmheraatyigaﬂokq,lymsreb’ém@m;h@mw‘é&l@smd Exanpl es of

| notude N V03T RETAR R fafh hEbaRe I or anchs ol QB RERLY 1o "SR

SeSR, - 1(BSeRio as IBe3eR?2 inte mwmeaample,stohrwm df 1tlon3p ahmuhtmgc h Ris

i ndependent .us e ter BII n nmet al s
refers to a Olﬁ%/meé'ccp C§1¥S§r t%a it ﬁg of " rl1lérPer © SHi°L abﬁ0 ‘e el ements
r ecommnde@dbynetrhq)r@on;m 58y 0. b)n) I herBomencdrattun gordfto I()rSomgBﬂtod) Lhem stry

and published. .in | UPAC No cl at of | no anl ¢ Chem str Recommendat i ons
2005. 10Pho‘§%§‘x‘8“l“€%? é %Vt?slB PR % mE‘B?chPQ cGRgrecursor comp ‘B’S‘l Vieri c
precursor neymar vidﬁheﬁly tdesifRd etp&hmatrymﬁtﬁrres@bct ft®the UG@bdr T diEfehOGionp

sem con%ct or rodu pol ynmeric precursors of this invention
may adviht alfed ar?@tlﬂférerﬂsl’ﬁﬁwﬁlr%foﬁres to prepare a material with

control | ed or pﬁﬁd@{aﬂ{ T oed a pb Qe hrBI0R I fofin b @blyaerid pRturtdtRalT®Y @neat ons i n
the material. In sonme aspects, processes for, solar cells that avoid

addi ti onal QAP PURPEESPIERUORNLARY 1819 EPEPS MrayAadyaninbestiel y use

pol ymeric ps@emt 501 p&ﬁﬁ&f&%&%rs@ﬂl@avﬁ%ﬁp@&ln{ﬁoﬁﬂ% of MRS /ippvent i on.

A pol yneric (ecursor lﬁ% be used prepare an absorber material for a

sol ar 20 ceM/ (BRududd" (Efhg @%@fﬁéﬁed@tnéﬂh%nlxﬂdﬁwoﬁiﬁwﬁtefﬁénerrpl rical fornula
MAX (Ui »y T ER, 2023 R ), - pefy)MA 1s a Goup 11 atomof Cu, MB and M
are dif%ZrentQC}oup 13(at%ns seFe ted fromGa and In, when E1 is S then E2
is Se or Te, or when E1 is Te then E2 is Se, X is fron10.5 to 1.5, yis

fromO to 1RE9§@T]?ONSS(EI[IEWH@9tO 1, vis from0.5to 1.5, and wis from1.5
to 2.5.

Yy

m MBYER); + n MPX(ER); + p MA(ER)

{p MER)/ m MPY(ER); / n MPY(ER )3}
polymeric precursor
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25The absorber material may be either an n-type or a p-type sem conductor,
when such conpound is known to exist. I n sone enbodi nents, one or
nor e pol ywert/@rseur sor conpounds nay be used to prepaPeTaSGHOkayRr on a
substrate, wherein the | ayer has the enpirical fornmula Cuxlny(Si_zSez)w,
where x is from0.5 to 1.5, yis from0.5to 1.5 zis fromO to 1, and 30w
is from1l.5to 2.5. In sone aspects, one or nore polyneric precursor
conpounds nay bqneéea@hwaﬁ&ﬁpﬁ{y%ualbgo‘sn{o%%s%@m(m%ara@ RumbMpef i n_the

| ayer has the enpirical formula Cuxlny(Si_zSez)w, where xX is fromO0.7 to
1.1, y is fpem@rsoiN (ER); can be used it Gormation reggiignsy Hog cxangls. 2. 5 to 2. 5.

In certain ﬁ‘ﬁﬁ&lcrﬁ?&hﬁorﬁ%eb%a&&&ﬁltﬂ%%ﬁaﬁérgh@'(ﬁ@ﬁm@ ﬁosmpunds mey be
used to prep pare a ClI'S layer on substrate, wherein the l'ayer has the
enpirical fMr rﬁERds,@hﬁﬂeﬁwl&m@%&%uwakmfépéea}%h MONemes @@d@mnc{lﬁnggld y is from
0.95 to 4. 0§b1n%18/'a§nofu£t°m0 to 1, and wis from1l.8 to 2.2. 5ln sone

enbodi nent s nor e polynerlc precursor conpounds may be used to
prepare a Cl GS |Fayeranpie, thesaths of tie@tomstd? eMR it hpolylaylmprhassot ey &epi ri cal
formul a Cux i Z) s ereX|s [ s fromO
to 1, and zéblos rom%g%aer_?r D atoqromg(sea%er’tora& @6’7 d)r\%/reat%r F%‘%lﬂu .5 to 2.5.
I n sone asp@gt & por gogeroor avouted). Pol yrrpeeata, anabclums%r lcngamenc[ﬁcarm;n be used to
10 prepare a Cl. r on,a sub e relnthe | a er s the enpirical
for hut o GOy Fops SRR R PSRt o By "7 P om
to 1, ard z1j Bodf greumerOortaboul,1.1v: 1|c&gidfawm0 7to 1.2, and WIS from1.5 to 2.5.
In sonme variatiqn one or ric acyrsor c aunds ma be used
to prepare a Cl g%%lrg’ﬁ’é‘?xa@ﬁle% té‘hrﬁg?sr he at%ﬂglg/le # lﬂéppg’ir}gpc ﬁ’&ﬁurtS e enpirical
formul a 15%%}(%%0&%06%%&2%0&%&@@6@afbb@tmﬁo?frblﬁaﬂ)o&,()w is fromO
to 1l, and z is fromO % wis from1l1l.5 to 2.5.

In certain t@ﬁﬁ%ll&eﬁl‘tféomél?%‘tgrg t‘?rﬁ?oét beQ}ﬁ’@Fq @%"rc&%@r"@é‘t‘t leO5linds may be

used to prepai) ftoeb&R 1l %f%mé)&a ﬁak'%éfaﬁ&seoftﬂm&ﬁé ot B ihayer has the
enpirical formula Cux(lni g zSez) where x is fromO0.7 to 1.1, vy

is fromd twlﬂnerameczlrspgm@ob¢ %&W(p %prabput Y83, 91 phayh-84.2r elpu1 0.86, ofind w i s
from1.5 to b%uﬁ) 8d, Or %&‘){1{@96‘ oENRAd 0B §bou?6§4 Qfr abR 8. 99%%@& bogPIECUr Sor

conpounds may be used to prepare a CI'GS layer on a substrate, wherein the
| ayer has tdbeutehifl, oi dwbt ¥.04. ﬁm@umk(qrﬁbOWGéy%ﬁ(oglt 1Iz%5evr3bout Whelehs i's from

0. 8 tO 0. 95f0reé fftwgra{tfo AO" B;lg)ezr;t'oz%ﬁ &)thegswnﬂl{&@lloato sto(%MAO\'i\st from0.95 to

1. and w i certal n enbodl nents, one or nore
poI ymerl c prgediehr Wd:lmvthommd@mmayham@nukmd OfM plrrépBas@has °Gsd Mfer on a
substr wher e I

cux( | maﬁ(g Gay) v( S AS shéwg ﬁéﬁg\}]on%%eél %o ?&ﬁ% Sp{ uréoré:g%pounldsha}/m%m 0.5 to 1,
and z is fI’t!hm@eﬁlngmn]lpOMpdSﬂloﬁr{MﬁERB@l MBl ﬂl\ﬁ%‘)(Efa)a}jmmy bcsfo’rmam%go to 2.2.

Enbodi rrents of th| s.inventio i & ol yneric precursors that
30can be us@HMHUSPLFPANS By q%ggﬁ%%c%anéﬁ‘@ﬂﬁv @8? a solar cell product.

I n sone aspects, one or nore polyneric precursors may be used to prepare a
CIS or CGS material as a chemcally and physically uniformlayer. In sone

vari ati ons, REAECBIONYEHEME®: i ¢ precursors may be used to prepare

m MPY(ER); + n MPX(ER); + M™(ER) —_—

{MAER)(m MP,n MPA)(ER )}
polymeric precursor repeating unit
25

In Reaction Scheme 10, the sum of m and n is one.
Embodiments of this invention may further provide a polymeric precursor
made from monomers of M*(ER) and M®(ER)s, where the total number of

equivalents of monomers of M*(ER) is less than the total number of equivalents of
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a CISor CIGS material wherein the stoichionetry of the netal atons of the
CIGS material can be controlled. In certain variations, one or nore

pol ymer i cwpretwmsmsss may be used to prepare 5a CI'S or CPGHUSM60U4AES USi ng
nanoparticles prepared with the polyneric precursors. In certain
enbodi nents, one or nore polyneric precursors may be used to prepare a CI'S
or CIGS material as a layer that may be processed at relatively | ow
tenper at ur egof P RCHHIMYERE. $1Q£éi‘fa1rf3&ﬁﬂod1ments a polymerid fle@@TE @y BEGhG ONE or
nore pol ymeric precursors may be use 0 pare a 10CIS o CIGS materi al
as a phot ovi8ittigsupstoigliemetric or deﬁqlwt Wﬁ/@pl‘{[afeil%lﬁgto Beres fMnore pol yneri c
precursors may b WP ( SRAKSoRVLSHIHRAL ¥r BPG, RIRRRERINY ol T Or M

sem conductor CI'S or CIGS layer on a variety %strat es, including
f1exibl e sutbgtcpmp@@tlonaréwmu@sm@vrhlcémh@:bsr@rfw ams@i\ﬁ‘lthatmwude CuGas?,

Adased, AuGased: CT s gEde %‘ééfca%%@fése%%@%ilﬁ%iﬁnfé‘é?asez

CuGaTe2, AgMﬁT@‘Qfﬁ toﬂwmii:@mnom foireda nAglhlnﬁl' th2re aﬁuhnrfez),msmm 2 MEgT1Te2, and

AuT1Te?2. | e an sor ter. a ncl.ude
Ao nsse, Aul ncS TR fy e A BRERE PE: pTRRER Rlerhit i Y PR
AgGaT1SSe, 26mAsl Wm%b,yM&;)V((sazsng)wA@ynﬁafma usiAp lirGaiSefeof Cul nT1SeTe,

Agl nT1SeTe, AuI nT1Sel Se T1SeTe, AuGaTlSeTe, Cul nGaSTe,
Agl nGaSTe, é‘?‘ (ERyy % %%ﬁ% Te, AulnT1STe, CuGaT1STe,

AgGT1Sie, and AuGaTlSTe The CIS or CGS |ayer may be used with various
junction partners to produce 25a solar cell. Exanples of junction partner
| ayers are REGVATTIGNt HEMEelrld i ncl ude CdS, ZnS, ZnSe, and CdzZnS. See, for
exanple, Martin Geen, Solar Cells: Operating Principles, Technol ogy and

System Applica B X A tovoltaic Materials (1998);
Ant oni o Luque ‘;zsllg'gé/[ &e%%ﬂege?dzg?gﬂ%gdbgékbﬁoi(ﬁgﬁot ovol tai ¢ Sci ence and

Engi neering (2003). 30In sone aspects, the thickness of an absorber |ayer
may be from about 0.001 to about 100 m cronet erMAx?MBﬂ %ng 1001 to
about 20 mcroneters, or fromabout 0.01 to about Cromgters,¥ or from
about 0.05 to about 5 mcroneters, or from about BRlymesicaiecursar

m crometers, or fromabout 0.1 to about 3.5 microneters, or fromabout 0.1
to about 3 mcroneters, or fromabout 0.1 to about 2.5 mcroneters.
Substrates The polyneric precursors of this invention can be used to form
a | ayer on whstbsbn bt 8vtihe substrate can be nmade of any substance, and can
have any. shape. 5Substrate |ayers.o ol yneri.c ecursors. can be used to
Create 15 phot ovel araraygpo i Shlumlnet st i B hE SORREFRE: on which o
pol yneri c pMé*%WI@PMﬁ)V(mI Sezm)wmseiﬁelmb@ telepogistiesh ®f PLint ed i ncl ude

sem conduct doped sem conductors, silic gal l'i um arseni_d
i nsul ators, freyp GBS L 9Bl pnh - vais £romsg ‘Iol6e6‘?fp By 7 DGO BS Rtgfquﬁﬁloéﬁil"h

there are w in number, independently selected from alkyl, aryl, heteroaryl, alkenyl,

amido, silyl, and inorganic and organic ligands. In these embodiments, a precursor
20 compound can have the stoichiometry useful to prepare CIGS materials, including
materials deficient in the quantity of a Group 11 atom.
In some embodiments, the empirical formula of a polymeric precursor can be
CuyIny((SiSe,)R)w, where R is as defined above, x is from 0.5 to 1.5, v is from 0.5 to
1.5, zis from 0 to 1, and w is from 2 to 6.
25 In some embodiments, the empirical formula of a polymeric precursor can be
CuyIn((S1.,Se,)R)y, where R is as defined above, x is from 0.7 to 1.2, v is from 0.7 to

1.2, zis from 0 to 1, and w is from 2 to 6.
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10di oxi de, zinc oxide, silicon nitride, and conbinations thereof. A
substrate nmay be coated with nol ybdenum or a nol ybdenum cont ai ni ng
conmpound.wOnoslgrm@3enbodi nents, a substrate nay be pre-t PERUSA WI08455

nol ybdenum cont ai ni ng conpound, or one or nore conpounds cont ai ni ng
nol ybdenum and 15sel eni um Exanpl es of substrates on which a

pol ynmeric precursor of this disclosure can be deposited or printed include

metals, netal faj h&ne Mdak}ﬂ&wme ealpm&mmmlpcwﬁdlyﬁmc Fr&YoH N Heer | um
chron1un1 cobal t, gold, le manganese, ni ckel,

pal I adi um %lllx&%v((ﬁws? e e ewhfﬁmR iy Mrotefinee ab§V¢a\¥é$ from i tall ey & fame@dp 10 20st eel |
iron, strongj %frgﬁlr@),totp glﬁq,!,grﬂon;yﬂ)g@t en, zinc, zirconium netal alloys,

met al silicides, netal carbi and conbi nati ons t her eof Exanpl es of
substrates on \Aﬂnccnnfaerplwdyn@m &lep@mpcrmls@rmlda of hpdymigregiressighoecandi be

deposi t o) t t. t

copolyngfs éw‘v §“Sgg$e %MQQ (ﬁﬁh?eﬁgb€29%%§ gﬁgggg a5 (ﬁggg onat es,
polyesters‘mpdbyesﬁhanﬁﬁihm$w1m9ma6§toﬂd{yV|nyl quorldes pol yvi nyl i dene
fluoride, polyethylene ersul

polyetherketones o ?eé%O&) ¥heemynwaﬁ%ﬁPorl e%aynmn%ﬂmcm%ﬁf W?ebutadlene

styrene pol @mxe{nsyGag)vd(&QS@ﬁS)W, xehmoed}(ss, asailaﬂnad@lhsbven afid foors OShed 0¥ is

Exanpl es of .su at.e |ch r f this disclosure
can be depo@@?ﬁi) Zlﬁﬁowg)a rﬁ@ﬁ%@£8P§gF5 d%ﬁ?i Pﬁf@(pBOExanples of
substrates on wihedmaerpieddymitd, memh@mals@fmmﬁ ofmpcﬂyrdér&qirasmsbec@aﬁ be
deposited o r| s and_coa ed apers strate of this
di scl osure é%ﬁ: g*«%ﬁg%ﬁﬂad@l éﬁﬁﬁﬁgn?H S\ f%ﬁ@%g7éﬁ?§h¥5h a polyneric
precursor  ofiorh Dits 1,0 is GbAIUGE, € Atrdae0 deposidnady is mehit® @ shaped substrate
including a tube, a cylinder, a roller, arod, a pin, a shaft, a plane, a

plate, a bl ade, 158%%@%0&“&%%@egmrrfcak%rr@rla af %@ﬂ%@ﬁ%ﬂwrecursor canfesybst r at e

may be | ayec@@nwdam @, §951€)§V, WRbrPR YRRTInRGHSV L x 1o BRAS I I RMonf0at i ng or
printing of a ayer of pol ymeric precursor of this invention. S5Exanples
of adhe5i orl @rhﬁﬁtﬁi‘?@o“‘%blma o Ogf tads!, padwns fremade &1 | ayer, a

titani um containj E‘&n% @rﬂl?tfdim&tst H@Qﬁfp@rﬁa%ﬁﬁlﬂh B a{"ﬁblgfrﬂé??crprcc%rsor can be

tantalun}contalnlng ayer, tungsten nitride, tantalumnitride, titanium
nitride, ti @aﬂnwﬁam)lv(l@uz&@)&)m WheirglR is asalafieadphoye. K is foem §iR|t @4965’ isg

chromi um copf,ai Rl ng, ;i ﬁX@roytgfi,\‘/gsﬁgQ%g%%oﬁéﬁa'aﬂd 9 fr&}{gr@ti% nitride |ayer, an

oxi de | ayer, a carbide Inat1 ons ther eof anples of
adhesi on pronntén@nﬂmc%udms@mganmcﬁadhecn@megncmnompwmQUEMYas

or ganOf Ctall Q0 1!(1513}296 per%ﬁa"rj% w1rt}9an|y fe% sto?ch%%l w1ﬁ1 %”Et hMll di sil azanes,

gl ycol her ac ene bi's tes. acrylates
acrylics, mnmﬂapbbhﬁ@thhohsL3aeh@mnmthﬂBMMmmnksmmsarboxyl|c aci ds,
or gani ¢ phosphorj c. aci res there 15S bstrates may

e oy or el A ket by RHER 12 AR BT R g R ey of o
| ayer of a pepaydEsy npe@yw @@ivalits bhMS' (ERVERtdqaRalents of MP*(ER?);, and z

equivalents of MA(ER3), where MP! and M™? are different atoms of Group 13, x is
25  from0.5to0 1.5,y is from 0.5 to 1.5, and z is from 0.5 to 1.5. A polymeric precursor
compound may have the empirical formula CuXInyGaZ(ERl)X(ERZ)3y(ER3 )12, where R,

R? and R? are the same or each different from each other.
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Exanpl es of a barrier |layer include a glass |ayer, a netal |ayer, a
titaniumcontai ning | ayer, a tungsten-containing |layer, a

t ant al umwonbaVnir2sg | ayer, tungsten nitride, tantal um niPCTiu$e)100#4085i um
nitride, titaniumnitride silicide, tantalumnitride 20silicide, and

conbi nati ons t her eof A substrate can be of any thickness, and can be
from about 20 mcroneters to about 20,000 mcronmeters or nore in thickness.
I nk Conpos'kigﬂfT(5§F§E?H§Wﬁ?i .of this invention further provide ink
conposi tions % contalh one or nore polyneric precursor conmpounds. The
polymeric precursors of this invention may be used to make photovoltaic
materials by prMY(BR AW yMPOER B +SMM4{ER3§- _An ink ofythis disclosure
advant ageously all ows preci se control of the 30stoichionetric ratios of
certain atons in the ink because the ink can be conposed of a m xture of
pol yneric precursors. Inks of this disches 1 2 d t hods
known in the art. In sone enbodln%ﬁtgMgaga?da%Fﬂﬁngﬁhkﬂgg%gFnlX|ng a
pol ymeric precursor with one or nore carri er polfimericjrecgobe a suspensi on
of the polyneric precursors in an organic carrier. In some variations, the
ink is a solution of the polyneric precursors in an organic carrier. The
carrier can be an organic |iquid. An ink can be nade by providing one
or nore pol ¥EdihkinPHEIGHESOpre&REROUNds and sol ubi |i zi ng, dissol ving,

sol vating, or dispersing e conpounds with 5one or nore carriers. The
conpounds di sperfsepdinengs of grig ingentien gndsmpagriecthads eed ¢ampesitipasfopar ti cl es,

m cropartic cul es. The concentration
of the polf%§§P%aH$%%ﬂ%§% r&&ﬁggﬁﬁ?k%ﬁ%Fﬂghfs di scl osure can be from about
0.001% t o about 1996Gq aspedts, agrosflimbed Eihoadric@r@0s9s may bdwoad too@drolghe f r om about
0.1%to abo % [ 14 or

fl owabl e ph\ggscg?g' %fegp%“%{ é’oﬁﬁog%% Iﬁélﬁa n?d‘g r1cﬂ33<%6%1 iﬁé%lgkﬁg@%gplgh gg%om tion,
coating or cposshmkmgof apolymerllcrpresom oaainicatabitsmabcfdriveighn VBt i on, pol yneric
precur SPdS cu arrweeﬁ? ! aoll 1%4 I'IC ec rsofcanbe%rr?e 3R Oa\l){u erar{ AN particul ar
carrier can BE Qb PP PHE REEHOREANRS VATGH Sha X ige BY. 154 used
herein, t hant@pmMgmslsrudﬂg 1ﬁmabdfma@$zﬂﬁ)ntolﬂﬂletp&rcmmsdthblsb(szty fan di ssol vi ng,
and sol vating. .. e carrier for k of this dlsglosure may be an
organic |i q‘BE&OIBPOSQk?P%‘h‘?e VaER Prbﬁréé”l%?raagegﬁ’r‘}sinéﬁ FHPIART PRI Q hi

di scl osur e praghraigleinRBEmEYsitidAr € or gani ¢ sol vents, which may contain an
aqueous conponent 20Enbodi nents of this inventiagon further provide

pol ymeri ¢ pr ecurB 8 SRR HE oY EHIgLh & 8l BSTIE BieFyrEQF CPWP‘E?H@nor nor e

carrierss f ofaPbeRad tot@nirflkBo vidddSityseH thidonpb¥iti orbrRPb IRk BreBlir€GUr SOT
conmpound can be sel ected by variation of the nature and nol ecul ar size and

wei ght of ofik CoPPaFisioa. ér@é}fweéw|pre§merscoatp9%1ﬁ@%ﬁ ¢PoREoRGsUNd. 25An i nk
conposi ti ongQdstifitil By LBUEDS LOR 1R 00t Rithe dMpofifiod. MEredRBN S rdh SCl 0sed

ink composition may be varied over a wide range by adding a crosslinking agent to
the ink composition.
20 In further aspects, the crosslinking of a polymeric precursor composition may
be used to control the variation of properties of thin films made with the precursor.
Examples of a crosslinking agent include E(Si(CH3)3),, where E is as defined
above, which can link polymer chains via an M-E-M crosslink.
Examples of a crosslinking agent include HEREH, M*(ERE)H and
25 MA(ERE)MA, where M*, E, and R are as defined above.
A crosslinking agent can be made by reacting Cu,O with HEREH to form
Cu(ERE)H or Cu(ERE)Cu.
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herein, or a dopant known in the art. I nk conmpositions of this

di scl osure can be nmade by nethods known in the art, as well as nethods

di scl osedwbensavn723kxanpl es of a carrier for an ink of tiRCI/USe@0l0088F €

i ncl ude al cohol, nethanol, 30ethanol, isopropyl alcohol, thiols, butanol,
but anedi ol , glycerols, alkoxyal cohols, glycols, 1-nethoxy-2-propanol,
acetone, ethylene glycol, propylene glycol, propylene glycol |aurate,

ethyl ene glycol Le;ramsre§ofé1¢r6§shmh§g1@gegd MélQJle dlﬁﬁdl@a{nla)ﬁhs%féﬁolg|fMICé?<lample
nmonobut yl et her, | ene gl ycol  nononet % et her, -hexanedi ol , ethers,

di et hyl ~ et HBER'E Hip wbﬁaﬁaéldﬁyw grcdafiperhabover ﬁﬁ?lﬁ&olﬁw%@a\ﬁ@dwg ERpent ane,
hexane, hepér@%’ofgﬁfe?éﬂ?polhﬁ%r?ﬁ?s’or Qﬁﬁé@@hm@t}ﬁgkm@&@%o erP- Xyl ene,

m xyl ene, o-xyl ene, benzene uene | ene, tetrahydofuran,

2- et hyl t et r ahy dof wemnle of closstiakies uSIQg/I:IEBsEH 5 hoversin Psaﬁ¢t10@c$ﬁbemd 4. ds,

hal ogenat e i chl or oet hane,
trichl o?%e?lh%eg&% I%%?o olr4|’ng)l,(r%ht(21 I enE@lgﬁFr@ér‘éaﬁs%ggﬂeéﬁ%E@d@ th esters,
5acet at es, @ﬁhyblwﬂbﬂanmmnmuﬁyﬂﬂﬁtetate acryl ates, |sobornyl acryl ate,

1, 6- hexanedi ol diacryl ate, polyethylene glycol diacrylate, ketones,
acetone, nethyl ethyl ketone, cycl ohexanone, butyl carbitol,

cycl opent an pyrrolidone, N(2-
hydroxyethng?pyg?g?p@%gj{E§€%F¥£ acetals, cyclic ketals, aldehydes,

am des, dinethylformam de, thyl lactate, oils, natpral oils, t
and mixtures théreofR10An inR of this disclosure may furRher incl
conponents suchy as aésurtERt , a dlsper%gHE' an e | sifier,,
anti-foam ng a A,a\q@yer k{ }? A yiekener
vi scosity nodi 'er‘\@ﬂ’antl-o i dant, a IOM/agent prrasti chzer,
conductivity agent, cry I zation pronoter, an extender,
condi ti oner, an adhd%ion propoter, and a dye. Each of these conpghents may
be used in an ink of 15this disclosure at a | evel of frongabout 0.001%to
about 10% or nore of the ink composition. Ex | es/ of surfyactants

i ncl ude sil oxanes, polyal kyl eneoxi de sil oxanes, polyal kyl/feneoxd
pol ydi met hyl si | oxanes, pol yester polydi nethyl sil oxages, .&tho
nonyl phenol s, nonyl phenoxy pol yet hyl eneoxyet hanol , ocC on 20esters,
fluoroaliphatic polyneric esters, fluorinated esters, alkylph
al kyl eneoxi des, cetyl trinmethyl amoni um chl ori de, darbogynet hyl apyl ose,
et hoxyl ated acetyl ene gl ycols, betai nes, N n-dodecyl\N, N-di net hyl/bet ai ne,
di al kyl sul fosuccinate salts, aIkylnaphthalenesulfonate salts fatty acid
salts, pol yoxye | ene a \ ol Iene aIk Iethers

ool o BPLYORvet i s oLl et ers c Pl orelivl ns el sb b ekher s,
quat er nary el wiosAkiosslinkNd M xt ures thereof Exanpl es of surfactants
i ncl ude ani oni c,_catjonic, hot eri c, .and nonj oni factants. Exanpl es
of surfactants iffEIdHRENS tﬂfeﬁv%ﬂen Ry fu @VldpeaépeiﬁLlngﬁaeHQ LVET

sur fact ant Shav&@%&féfrﬁlﬂﬁ?g esR RV 8GR, Whe@dM ' NK ROEnd b «didslcasure at a
| evel of from about 1@6to about 2% of the ink conposition.

Exanpl es of 2b9V¢i A gosdimking pgt pigbis Kindagngrkeruserl diber duine syhesisrof act ant |

hydrophid i GsdinAsRAQAIE Bl fEKe6ARMLY BBR Forn@GEV1iaf il QGhefOPOI yNers,
acryl ate bl ock c?polyners graft polyners, and m xtures thereof
composition

In some embodiments, a polymeric precursor may incorporate crosslinkable
functional groups. A crosslinkable functional group may be attached to a portion of
the R groups of one or more kinds in the polymeric precursor.

20 Examples of crosslinkable functional groups include vinyl, vinylacrylate,
epoxy, and cycloaddition and Diels-Alder reactive pairs. Crosslinking may be
performed by methods known in the art including the use of heat, light or a catalyst,

as well as by vulcanization with elemental sulfur.
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Exanpl es of an emulsifier include a fatty acid derivative, an ethyl ene

st earam de, an oxi di zed pol yet hyl ene wax, mneral oils, a polyoxyethyl ene
al kyl phewol2oatthez3s a pol yoxyet hyl ene gl ycol ether bl ocleCtasedipmetss a

pol yoxyet hyl ene sorbitan fatty acid ester, a sorbitan, an al kyl sil oxane
pol yet her polyner, 5 pol yoxyethyl ene nonost earates, pol yoxyethyl ene
nonol aur at es, pol yoxyet hyl ene nonool eates, and m xtures thereof Exanples of
an anti-foam ng agent include polysil oxanes, dinethyl polysil oxanes,

di mret hyl sil oxanes, silicones, polyethers, octyl alcohol, organic esters,
et hyl eneoxilderaBopyl eneoxi de copol yners, and mi xtures thereof 10Exanpl es of
a dryer include jpggpat I aaci ds,

pht hal i ¢ aci d, ﬁggroxi?@%%ﬁ%%gg?gwg%#gﬁfmﬁ&ﬂQﬁ&vﬁnﬁﬁr@@ﬁﬁg&EZ pyrrolidone
5- car boxyl dapantc Addopartanayibetinfraducadhiete epplymeric precmqmpﬂwymhese offi | | er

i ncl ude t I v ated gl ass
spheres, ygr%%hkﬁg&gﬁa§2§MM§kibgﬁﬂﬁﬁﬁgfhb8%%%%@%?%%§§§?£FE%§# gg 15et hyl ene
vinyl acet ataymalcpreusor. ahdermmdwtesmathleerleofhnEﬁlamﬂﬂeis doélosure medan bi nder

i nclude acrylic r Si esins, . .vin [esins, y rrolidone,
phenol i c re%lns enc%”?%%%ﬁ%WCOWﬁ%ﬁy)e(ﬁgg?ﬁgnmEd an é%q%(¥§¥al resin,
am de resi rnmrodammg(a dopait Bo a plm*t(wodlmuc tabdokter tagsi mcsludeqed:ﬁauh@&e ab@shens,
nltrocellulpse rﬁsln rubbers f .t. ldsbt OXY, resins, ethylene acrylic
copol yner s, “FOM USTS &FV&@F@““G&1 é19§8P§ “W@ “dr’B8ls, nmaleic resins,
urea reg) ns, natlthe @hantigbdrerdopamat wahboguﬁmu oipths Gkioture e besroner esol s,

pol yam des, _pol t adi enes, po]yesters efins, ur et hanes

i socynat es, tﬁﬁqigﬁ amPH@FﬁWHP&@%V§§““%PW‘?h% VeEVﬁ?@’ﬁééld@@lystyrenes

and m Xt ur egroup el e, E%g’:}eaaére&n md dhiolRNatsSa spdnidah 60 Sichuded®Ailévcer s i ncl ude
conducting pol yners, 25c¢el | .ul oses, ugeth@nes polyurethanes styrene mal ei c

anhydri de c@ﬁﬁﬂny‘?’P@P‘slXlBoI%c@;ﬂP&‘ttéélo pEIDy ¢ Ar IBRY I Dyiaplyded at a level

Carboxynethﬁﬁﬁ%{Mﬂ@ﬁﬁﬁnnhMﬂ%Q%Mﬁmbé bgel | ul oses, nethylcellul oses, nethyl
hydr oxyet hyl cel | ul oses ro yggopyl cel l ul oses, silicas,

gel lant5 al umi dasese emquaWSeé dO@nh%lay kaliasideonppcldine dha¥e, des,
starches, ngNghﬁayﬁﬁémkgg&ggﬁﬂﬁggé% %es of anti-oxidants include

phenolics phosphi tes, phosphonites, ioesters, stearic acids, ascorbic
aci ds, cat echi nEmbeiidntses thlamdenﬂonmb’é@fhehelﬁ@dwmmee@ agfallfalingy agent s

ncl de wa 0. tes r t and
et ude e ol b 3R HENIRICES 5 BHT ASLA e B HERE VB
phthalates butyhS@Eﬂ@ﬁwﬁphﬂhathmwtmdybtaymwpmnhahéaESLﬁmméﬁ@mB

ht hal : | .ph , i d tyl
ot et 2ke= LR PARRAL S8 nicha B2 AL DEUREL ARSFEur Al BRULY
tribenzoateﬁﬁgsmgrose benzoates, pol ypropyl ene egcoI di benzoat es,
tyl gl I d b th hth t ht hal at
G bhtyl  sebasat SRR S RO v SR e St e B ¢ o

Exanpl es ofPtaPpmmd;pri wid ymBGRALS dnfif utddodepdifg.um sal ts, |ithium
trifluoronethanesul fonates, ljthi.umnitrates, .dinethy Ianlne drochl ori des,

di et hyl am ne hydf 8¢S BPFed PO %%R&?Fl&?ﬁfﬁ%mmﬁ&r%d?ﬁycﬁ“%em& Pni xt ur es

thereofzﬂOiﬁg@ﬁkesnﬁﬁq@nﬁgMﬁﬂﬁhamaaﬁu@ﬂqamgnnter i ncl ude copper
chal cogeni al kali metal_ chal cogeni des, alkali netal salts, alkaline

earth nmetal sal T CXATWIG APRKECHOBEFETS SOMROSHIANIPAYLLIPFPared HeiAE fin sul f at es,

cadm um sul fhd@ser RER], WheRe €RIH88 anCREMIYTOE &Y1. Uh kel@sn echidisul i des,
i ndi um sel eni des, indiumtellurides, galliumsulfides, é%ﬁ}l un1se|en|des

gal i um t el 4 RAly B pr%rsybeéwmﬂomay BRIBDAPA B 0] dRoynt
sel eni des, NR';&(EI%)%, Tﬂ(Eﬁﬂ 4 Eﬁ'@a@ﬁ@a, dERQE %ﬁ@'l@)?fbtr YRAIRA thereof, where

30 Eis SorSeandR 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
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.
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conpounds, and m xtures thereof An ink may contain one or nore
conponents selected fromthe group of a conducting pol yner, copper netal,

i ndi um neweal2ptigarizsum netal , zinc netal, alkali netals, parkaskotonetoas salts,
al kaline earth netal salts, sodium chal cogenates, cal cium 20 chal cogenat es,
cadm um sul fide, cadm um sel enide, cadm umtelluride, indiumsulfide,

i ndium selenide, indiumtelluride, galliumsulfide, galliumselenide,
galI|un1telIur|Qquﬁhﬂﬁfﬁyh&agﬁﬁngbp&”§g%@B;g%m62|nc telluride, copper

sul fide, copper selenide, copper telluride, {deﬂUﬁ]SU|flde nol ybdenum
sel eni de, nol ybdunurhtiedpreasing dopaat anayibg upadds am ki {hiohveniens or egoi ng. 25An
ink of this disclosure may contain particles of a netal, a conductive
metal, or an oxide. Exanples of nmetal and oxide particles i nclude silica,

al umi na, ti%epping comppdt, iron, steel, aluminum and ni xtures thereof

In certay n vari i ng agent,

" sertaln var) shigee AR, TRYGER ARlnde Do AGLSRD AySRaSRbSE L 00
certain asp@muﬁgn&ﬂwhmksﬁmm®$l@ﬂdghélwbﬂeemﬂuymheC@mh@Edmasmas@@Iutlon a
suspensi on, sem sol i d t k.ma nclude one
or nore poIﬁﬁ%@#ﬂﬁ%%%%ﬁP%d$sqggﬁﬁﬁmppgﬁ 2Pﬁmﬁagteemmn0{?dwn% ¢"a sol ution
of the poIymﬁnumnpmempmﬁgcanmﬁmdnmyahmheMﬁduakmﬁasheam@smW@&mHM<precursor
may includqﬁggrthhes or nano articles ahat cantbe susEen edI%q.a carrier,
and may be SPYNmETC g ‘Wtor8‘?m1?°r‘|18 BoTYPRREFTR™ 37 FELPSBY I HY cer t ai n
enbodi ment Sagldabmq}bmrfﬁﬁn fs@p@@thEkarﬁ}ﬁﬂ dfgapﬁlﬁg&@mpbﬁﬂds&hcﬂiidlimgﬁgan&{munt_ of a
carrier, and may be a slurr m sol i or te of t pol yneric
precur sor. qﬁEgWP@@%@¥f9mB$ ﬁﬂ?%ﬁ’%fofﬂF@: ‘?Hfééﬁigoﬁgﬁhﬁﬁ from about 0.5
cent i poi sespréfeaPurther calig ptopaatiol, ERmiésuTeapdstcofipburid i@yt 30 cP, or from
about 1 to abqyt 15 cP, or fromabout 2 to about 12 cP. The viscosity
of an ink ofRMHiRs2ed BM dRire can be from about 20 cP to about 2 x 106 cP,

or greater. The viscosity of an ink of this disclosure can be from about 20
cP to about 1 x 106 cP, or from about 200 cP to about 200,000 cP, or from
about 200 cEgamlst o about 100,000 cP, or from about 200 cP to about 40, 000
ch, or frpm abo%s L%Q(phéf‘g ttﬁ’ éHHH%aII%QGQIQQO Qrgratom or che%l fﬁ'o§%ptﬁ£ttc¥n of an ink
of this disclosure can be P, or about 2 cP, or about 5 cP, or
about 20 cPFm@ﬁek@@@t*&@@ﬂepombng@b@awﬂsOwlcP or about 1,000 cP, or about
5,000 cP, or abo or about 30, 000 cP, or
about 1540, 000 é%ﬁg&ﬁCBP&?ﬁgKﬂ%Bmgﬁg&%M%7g%ﬁhéé?%nk may contain one or

nmor e corrponentsAfsrlmndhdﬂ@ngh@l@pnbgard lmlwdeabt\amfoasedlgdm@persant an

enul sifier, an n |nder a

t hi cken%(f a Vi Scsouge({ 196?’@}1 39? %% 1t nl‘fé1 11% rgi;c(elrs 0 a1% orggm? Fl%vnvng'ﬁ rouB
pIaStICIZenmn@o&dnﬂaﬁhmvftgb@gmnmymagﬁryﬁmmiﬁMﬁatobhcm%qmmMnm’muhn ext ender,

a f|In12000n |t| ner an adhesi e, rtaln

S at] ons O RS R o BRee R Srond Mout i phifER' S oup of

cadni um sul dniother atﬁrﬁd)ﬁhmfébﬁleltlﬁmgﬂ% cafbafl Biotin Arebrgati¢ Hgnd 2hmige eichedle, zi nc
i copper sel enide, and copper

sel eni de, zinc teII ride, copper sulfide,

telluride. Tﬂmgﬁﬂﬁw @%ngﬂgﬂnﬂW§“H§9 contain particles of a nmetal, a
conduct2yve netalas L@édmm@%@i@rmawnicnigamfemoaﬁ%r@mcdﬂh&ﬁﬁmsl ng one or
nore pol yneric precursor conpounds of this disclosure in one or nore

carriers toSPErish eandid tiapethegiatany pipplesile through a RORsEABORAP. precur sor i nk

conposi tion can fRempre Pk RddMcIfiRRIshN Y RN aIcBholNRI8rsPR/Y&EIL C precursors
in a solvent, and heating the solvent to dissolve or disperse the polyneric

pr ecur sor s. TS, gsbexisias cChaleegnylatsh dhineaybarylpes sscleapradiorylates.on of 30 from
about 0. Oojtgﬂﬁrg%a?myfateggcﬁ’b(ﬂgtw nltrgfes pﬁl@%h%@@'s'ﬁlfa %&r&’te@%?’ﬂﬁtesgo% or from

about 0.1%to about or from about Yot o a out 50% 'or from about
0. 1% t o3Gboand an@egs. or from about 0.1% to about 30% or from about 0.1%to

about 20% or fram.abeiin And i O ARty 1O Dol SRl latOn or di spersion.

selenocarboxylate, and tellurocarboxylate, having the formula RCE,", where E is S,

Se, or Te.
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Processes for filnms of polyneric precursors on substrates The

pol ynmeric precursors of this invention can be used to nake photovoltaic

mat er i al swbyodepossti ng a | ayer onto a substrate, wherePChaSk@ymu4a06dNt ai ns
one or nore polyneric precursors. The deposited |layer may be a filmor a
thin film Substrates 5are described above. As used herein, the terns
"deposit,"” "depositing," and "deposition" refer to any nethod for placing a

conpound or conmQsjstd ReiRNhOtefn ShidREBarRite RURS S BloBarbdriied udi ng sprayi ng,
coating, and printing. As used herein, the term™"thin filnl refers

g : r .
to a |ayer Gicnegasimatsy amigFlEetagymatsy haying tb%f?ﬂ@%@tﬁl%ﬁqq%yé"rhe@@ BSsubstrate
having a t h$e(,: Blnﬁeg, @R 4RSS FN@P s AROM i ROt Th L0 H?&rgéeﬁ; alkyl, aryl, 6 Aeposi t ed
| ayer of this disclosure advantageously allows precise control of the
st oi chi oneterg#niq igands of certain atons in the |ayer because the |ayer can
be conpased of ] . -1 6- Cc The- R Y I-C
precursgis of tﬁ?g&p%géﬁﬁggﬁgﬂgﬁ cé%ﬁ%%?t#gﬁgkg%éﬁgi§§ﬁ§@%6$§9%fic
pr ecur sor s, RCEA W& dSPOsP@LdSOt 61y, $ubst, Nat:eNBs iRayHrstdHoWls,, kehoren i n t he

art, as melﬁhgﬁfq%&ggqu%k%c&psed her ei n. Exanpl es of nethods for
depositing a po3yneric precﬁrSor onto a surface or substrate include al

fornms of sprayi xampladt liggndsandudy dzitkes, hgterad$0 thascyeeiltds, dralgmimes,can be made
by depositin ne or nor.e polyneric precursors of this disclosure on a
flexible sdﬁgﬁ&ﬁﬁgnpﬁIynﬁ?dwdfﬁﬁgﬁghput roll process. The depositing of
pol ynmeri@ precursamgles of lggahdghcltidy Brughppiridiad, [SEXN-gca8$H S A, hendlone by
spraying or_ceating, a conposition containing one or nore polyneric
precursors,sé% WO Wehg an i nk cont ai ni ng one or nore pol ymeric

precursors of t Hxamfics 6f RBHILIncIdRF APl ndfilefBIdIpMATdch oF issleRRsl ting a
pol ymeric precursor onto a surface or _ substrate_ include spraying, spray

.a s . : . :
coating, spHiyicxdaidespiyBirilesstkalisqsysndes salleylisgiiles oplcrdidedns t her eof
Exanpl es of o fBihRd anflibcyRfill At AdadrHRbAGiI&N | nk of this disclosure include
screen printing, inKjet printing, aerosol jet printing, ink printing, jet
printing 30starfxepals ptligendsigeludalydsesy caghangr, FaiBon Papxislei nt i ng,
f1 exographi b Qhitri@s A idfes PATk i di8les, BRI REDIRE [bidRGs, ' everse
printing, thermal printing, |ithography, electrophoto rapﬁlc‘prlntlng, and
conbi nat i ontbiopsrbanagsés, phosphinespadlayiphasghiods, srebhaabingo prytpdmiosthngsa pol yneri c
precursor o - : . . i ng,
eIectroplaﬁ?%g?%%%g@%g%ﬁggga FQ%P%§§g%%@ﬁmggﬁggéﬁﬁ%ﬁgggo ?P%gggdip coati ng,
wet coat i nggrylsplbmes ead arpiglkyknibines.coati ng, roller coating, rod coating, slot

die coatng, meyerRat. SORLLAGALAPL dLNeClocory Ree faAT kleRy coating,
li qui d deposition, $of ution deposition,’ layer-by-layer’ deposi'tion, spin
casting, and$CdIRiPj RAsCRSD] alkened bhnd sghewkarbedh Ren iglcpcadantplatkgyl,of net hods
for depositing ag ou¥geric precursor onto a surface or substrate include
cheni cal vaPor ' g%% i on, aerosol chenical vapor deposition, metal-organic
chem cal vapor d&pesict bOlizandyigdndyEballbhaphingntitathyvapiladepdsi tion, plasm
enhanced chem cal vapor deposition, and conbi nati ons thereof 10Exanples of
met hods f or’d LA B“ﬁ“ﬁ_ ynmeric precursor onto a surface or substrate
i ncl udexsat om ¢ IBY@Pled 6PRBIIY iBEuddH RS RIS IVIRR CAKL 18dr@fs Carl i@y@tylsdeposi ti on,
vacuum chanber deposition, sputtering, RF sEutterlng, DC sputtering,
magnet ron stupikalerinyls. alkulsapatl an SenEe YAk HEAMSY MUK | aser
abl ation, gRENSIOUE GRyROINAREL, AialERRIARhLAXHenoéBBA! scR8& S8R axy, i quid
phase epitaxy, and conbi nations ,

tellurocyanates, tellurolates, alkyltellurolates, dialkyltellurolates, telluroethers, and

tellurocarbamates.

30 Examples of ligands include chalcogenates, thiothiolates, selenothiolates,
thioselenolates, selenoselenolates, alkyl thiothiolates, alkyl selenothiolates, alkyl
thioselenolates, alkyl selenoselenolates, aryl thiothiolates, aryl selenothiolates, aryl

thioselenolates, aryl selenoselenolates, arylalkyl thiothiolates, arylalkyl

selenothiolates, arylalkyl thioselenolates, and arylalkyl selenoselenolates.
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15t her eof In certain enbodinents, a first polyneric precursor may be
deposited onto a substrate, and subsequently a second pol yneric precursor
may be dewpo=intigd7z6t o t he substrate. In certai n enbodi meoTaiS26100e0085

di fferent polyneric precursors may be deposited onto the substrate to
create a layer. 20In certain variations, different polymeric precursors may
be deposited onto a substrate simultaneously, or sequentially, whether by

spraying, coati NGamplch B fidd8ds 1ﬁélu&yseféhgb%erﬁﬁfdhélﬂ§oetﬁ@se di fferent polyneric
precursors may be contacted or m xed before the depositi ng\ﬁst[ﬁg during the

deposi ting st ep,Examplss plligapdianeladed¥Ps P ngVERep PHERen, p8tsy e ecursors can
be cont act edrbatier-fer A, NiksrOSSAR ! SlsckEAR Aer?Ph FRAPPRIL Lilg Lhe

pol ymeric precursors to the substrate surface. p03|t|ng of

pol yneric maéhﬂﬂ%mﬂ@end%dyaﬁtvk@aw sprayi ng, coating, and printing, can be
cone 10 & cont ol Rtk Rlh ML by LIRERATGuls SUEDAR Ll aBEN and of her
inert gas atnospheres, as well as In a part vacuum at Processes
for deposi tigf, thesliﬁrrlashcr’fgbleooalme]@gtemsrreCpmmwdétd@ypbd Wmmlseloopedmrsors 30 can
be done at ar{lé ogé L epper at.ur g 15%(’: hfeﬁ‘i) Iﬁuzg awgo about 650 C,
or from about <20 Y o alrou o]6] roma out g %ut 400 C, or
from about R2orggnic@habiut, I&ﬁ@m@enaﬁnoﬁsrzom.about 20 Cto about 300 C, or from
about 20 C to about 250 C. Processes for making a solar cell
involving a step of transform ng a polyneric precursor conmpound into a

mat er i al0 or Pleol4a dbsotber lagarompPodesnt or med at vari ous tenperatures

mcludmgfromab@gt 100 C to about 650 C, or fro out 101Cto about 650
C, or from about’ PEYSIGRYCHEI A% BHE: t%l?rel?*}r%'f‘rﬁ‘&t%‘ﬁlt t6'°B¥8ut 5 650
C, or from abmishdd@Q predubrsabout 650 C In certal n aspects, depositing

of polymeric precursors on a substrate can be done while the substrate is
heated. In thesdgaPIVELTIHASCUTSPTE B thIS AVeRYRep®; ddxpnt3geguhebussdE t ed or

for med on thgn&shs pFPhR o material with ctrnroﬂedr@r &é&%ﬁ@@t@mh@néﬁ@r?at% converting
a precursor to a material and a step 10of annealing can be done

si mul t aheoudfithe metal ajemeinahc meteiaglep of heating a precursor can be done
before, during Qh s@rflé fsbe@@}ﬁro%&s%& fglf soqjaﬁ'g E'tﬁdt@gola Q@dltpongpéﬁﬁfﬁﬁﬁatlon or In sone

varlatlons a substrate can be cooled after a step of eatlng In certain
enmbodi ment sselealzstam@terpatr@y@éwntage@ololueop@ﬁﬁ@rce)re@mor empoyndseitier a step of

deposi ting @0 gﬁMSsooths ﬁgaltﬁlgﬁtrate may be cooled to return the substrate
to a | owner erature, or to roomtenperature, or to an operating

t enper at ur e of a pl(épmguctprocmrasvntrtdy b¥/aseil duprepmobmattsgrbarmgeau! iforg splet hods can
be appl ﬁ(?d éeﬂ p?ocﬁ)lctbs h2 4 s%gbe?‘ﬁlgigrlaldnaﬁ/ havhﬁﬁdglgr 1caltf|o 91§ of polyneric

precursors on I"ous apparatuses and devi ces
known in arm: X(Mﬁ‘l M?ybv(l?iszﬂﬂ@wlvﬂﬁﬁ Méwa}mmhetbmofcmm s0d®aar i ati ons, the

deposi ting rec can spray nozzl e
o act i SBPER B5 L P eSSt R B R e R S Bompoer ¢ on
and di st ri batvien E' BMadémneris Se, &f1s frhm@ o903, 9 $4fr@n Hus 1, had z¢omse 0w at e
articles made b¥ $p03|t ﬁ& (3/ égasubstrate where the |ayer

cont ai ns onk Vdt TABDe %/ t‘g s. The article nay be a substrate
having 2 | ayer qﬁleabg‘omemnaohalant)mermheﬂamn BN aGhtybS schappnéted, sprayed,
coated, or printed onto the substrate. In certain variations, an article

may have a @tﬁ@ﬁ%ﬁ@%ﬁt%@é&%t@ﬁxgt pol yneric precursor ink, where the ink
is printed in aRatheEMbRindiie osihshdrdb8lymeric precursor compounds may be

used to prepare a CIS layer on a substrate, wherein the layer has the empirical formula
CuxIny(Si.Se,)w, where x is from 0.5 to 1.5, y is from 0.5 to 1.5, z is from O to 1, and
30 wis from 1.5 to 2.5.
In some aspects, one or more polymeric precursor compounds may be used to
prepare a CIS layer on a substrate, wherein the layer has the empirical formula
CuxIny(Si.Se,)w, where x is from 0.7 to 1.1, y is from 0.7 to 1.1, z is from O to 1, and

w is from 1.5 to 2.5.
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Phot ovol tai ¢ devices 30The polyneric precursors of this invention can be
used to make photovoltaic materials and solar cells of high efficiency.

As shown WO 2piign1786 enbodi nents of this invention nay f@crhuseolpoastie

opt oel ectroni ¢ devices and energy conversion systens. Follow ng the

synt hesi s of polyneric precursor conpounds, the conpounds can be sprayed,
deposited, or printed onto substrates and formed into absorber materials
and sem conduct Qf cdraEsRbod ARSAY Qﬁerorri%r@w%én&@f@c&@r EhRp Pagd l«ﬁaj&r

opt oel ectroni ¢ devices and energy conversi on systens. In sone
enbodi ment sused teprepgrest CSdpyer og a qubstipty, Wheyn the dayar has éhg cnppiigah fprgulel S or

501 GS absor &gk, ISYE), APRASk 16bnPD.8RE b 05 Gtk A, SUBS {053 -from 0 1o 1 EmDOC mENL S
of this inventron may provide | nproved FlClency for solar cell's used for
light to eladorisdionyl. &mﬂ/éry on. In sorre embodi ments, a solar cell of this
discloswe is a evi gell. The C'S
or CIGS1ayer IH %ngé%sl aésn(?sgtogeuér%cn?ﬁ%Ea%g‘e%\éaérg%ugsro%\ﬁé?ﬁ un&% ‘%’ er of, for
exanpl e, cadri tslmrawefa a¥;s bw@n@mu@ahtemhtec;in twdwicuhasttled ¢mprifické, zi nc

sul fide, zipc e IIur| bsor er nay be

adj acent tofna abe’wnéf/@?w%@” ?\/Blfls fd?%gm%gey ISI£ WKI B

Al Sb, GaN, ﬁ:‘ﬁi?pt@aA&s eashy toIlrﬂ;l,andWFPs frbmA§toI2nSSb or conbl natl ons thereof
In certain vari a}tl ons, a.solar cell this discl osur i)%nunctl on
devi ce 15made wiP FOBREPETS: %"r%r‘%‘Er88%1¥{?i‘e‘?§%?r8?“r%°éF‘P‘&PO““ fay G ?1. in Fig.
7, a sol@r @epare @IeIGs:lay@fontarsussndtes@h@smlﬂ& lmsa:yhdrsaneerﬁplﬁcm%rmtae 10, an

el ectrode | r .. an sorber | 0, do er. 40, a
transparent&g‘g[ﬁwégﬁ@ézqagyewhe( ? ng Egs}’dﬁgtpw\é&t@% drFa‘§/fr8§‘rhnI§t al ,
plastic, glRasss ok 0CERHAM, andwmefr@hecsttw@e | ayer 20 can be a

nol ybdenum contai ning | aye The absorber layer 30 20 may be a CIS or CIGS
| ayer. The wi nddivsemg eial Wsn‘ﬁ}? O 8108 ROARSTISrAI&YTSPY ‘dJé‘lHOél%rmaYﬁ’?é‘S?dr anspar ent

conductive tb%ye%are@%@@naﬁeo@@sut;g@atyweterh %ua@@r Ha@¥WiRTenRiricdl AARAA zi nc oxide
| ayer. solar cell device of this discClosure may have a substrate,

an el ect¥ oo@uxﬂay&ﬁy)v@nzsﬁﬁsad’i’hﬁ‘@x15513@@?07&3 W ndefomdter; angry igired] ton
promoting | pyeg froﬁald—ptlaqtﬂ A RN 8B 5185 5l ayer, a transparent |ayer, a
transparent ‘el ectrode | ayer, a transparent conductive oxide |ayer, a

t ranspar ent condm@@rtawleenpimdmms Dwﬁnorap@ij@r@b resvdioe comeoupdd paseke | ayer, an

encapsul at '15%911 ?%a{areaesglré’m%i%er ofifa s%%t\é%lﬁe%‘lﬂhe 1§yepﬁé%tt%ecéd1%ﬁca'1 ayer, or a

protective poly certain variations,” an absor | ayer includes
a plural it yfoohulabsdhbeBay).e31e8s)y, Where gt aom Ovao il dt y orfom 86l brendelsl s may be

made byz(pr 0g§ @B%Sto SI ) NG, 5106 y%regé ang, PEEGY dﬁ%&dgorrpounds and conpositions

of this”invention that ous ™ y avoi tional sulfurization or

sel eni zati on st @psertain embodimentse bicedrmorapolgintdmsecuasos obapounadd thaydevi ce may
have a nol ybd um cont aj 'n | ayer i.nt erfacjal, mol ybdenum cont ai ni ng
layer o T REERRAN GO iR R LR SRS Ubber s
butyryl pl asthgs CugthyGenes,vbayl whaekad ﬁa@n oand 008 Nbis iaki @A % L, het £of
Substrates can be nade eri al ich can be handled in a
roll. The elﬁgr Q)%I@]Ié(%&%fsﬁ%lﬁg’taﬁ W‘Fgﬂn R@s%rber | ayers of this

di scl ospy e can hg cérasteedBodHeR@s bid dtendRé ﬁ(ﬂyﬂnéﬂid PHBcudsof BeTRRSndd @8y KONt ai ni ng
nanoparticles onto a substrate, where the nanopartjcles can be
used to prepare a CIGS layer on a substrate, wherein the layer has the empirical
formula Cux(Ini.yGay)«(S1-,Se;)w, where x is from 0.8 t0 0.95, y is from 0.5 to 1, and z
is from 0.5 to 1, v is from 0.95 to 1.05, and w is from 2.0 to 2.2.
Embodiments of this invention may further provide polymeric precursors that
30  can be used to prepare a CIS or CIGS material for a solar cell product.

In some aspects, one or more polymeric precursors may be used to prepare a

CIS or CIGS material as a chemically and physically uniform layer.
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made wi th polyneric precursor conmpounds of this invention. In sone
processes, nanoparticles can be made or forned fromw th polyneric

precur sorwoanpoumss and deposited on a substrate. DeposipCedSe@nopasti cl es
can subsequently be transfornmed by 10t he application of heat or energy.

In sone enbodi nents, the absorber |ayer may be fornmed from nanoparticles or
sem conductor nanoparticles which have been deposited on a substrate and

subsequent |y trqnatrﬁmmum &%%Trn%efdtﬁﬁéﬁéprécﬁlrs%ﬂ%ym@ Ripgre @ thin
fil mphotovoltaic device rrag@ ave a transparent 15conduct or Ia er, a buffer
P es@@s%

| ayer, a p-&{peordBgmpéqrial wherein therptaghdermetydd theayetpl ateaprgpfah rate. The
transpar ent conquet of .oha¥®lg My be a transparent conductive oxide (TCO

| ayer such as a zinc oxide [ayer, or zinc oxide |ayer doped wth al unmi num
or a carbon nandtaiéin eyietionsopncar niore pokirdeicl pagearsorsaraybe sl topregercl ayer
doped widh I I t| n oxi de
ayer doped or i Qe RrBlui ol apdchy Bipi it ptim@l AT

sul fide, or cadrnoertasuérhbodencntsd o cgtmcrree(vlsltnﬁm mrycuzsomcqubedeed fbhe p type
absor ber er . £a and . the el ectr [ 16an be

nol ybdenumly e ?5525&395 (§%15‘2Xuacl%ert atma}'be%roc?)sse% ?retla?(’a out 0.5

m cr omet erstemperhﬂureekmaﬁ&:ve a'bcﬁalb:teflf er | ayer can al so be a cadm um sul fide
n-type junction _partner soe nbodi ments,, the buffer |ayer may be
a silicon dioxi &gso%asB?% Pt%?ﬁ‘%%f?ﬁ?? éi%‘e“caprf?‘tr%?ﬁﬁ A B BT BSR4 bor on

oxi de. 10 CISSRMRGEXamplabs agfhoiokalespiayent conducti ve oxides are given in K
Ellmer et al. ‘II'rans arent Conductive Zinc Oxide, Vol. 104, Springer Series

in Materials ScilBiUB (&6b%; Olter?rEQﬁ%poa%‘B‘et?t@ecuﬁfogsdt‘aé(rbedlé‘fq O PERENC| ude a
nol ybdenum s@leaidall@ and$HEsit A LIn30Grrh 8308EondWRLICOISTRY1QS 1dyer diethvarisiyng var i ous
nol ybdenum cont ai nl ng and sel eni um cont ai ni ng conpounds that can be added
to an ink 9 StﬁFquﬂP?lﬁ%‘ng Hexiepdsiaed onto a substrate. Athin film

mat eri al phot ovalhabrs 8PHULRGHerln@Y&lal aattdé)euem eAYGd), RRGaQrCUIRS,¢ pol yneric
precursors of this 1nvention. For exanple ol yrreric gﬁyecursor i nk can be

spr ayed!ont 48laSs tainthds8 1% 86T1Ssy5 va eGéﬁéqz H’g%(%tlsgqaﬁa(]’a @PSPs unit in a
gl ovebox i n@Asinglisal FRPRREAETISTA TR WRYIS) XSLITUNAIGIRY, have an

ul trasoni ¢ nebull zer, precision flow neters inert ‘gas carrier, and a

t ubul ar qua@ttlzT¢zeag1tI16¢z, Aﬁhﬁei,@ru?ﬁﬁ@e./\gﬁh@zs@dayﬂé%t ed substrate can be
heated at a ter’r@E f : 0 in an inert

at nosphere, there ﬁb%é gf c%b%rggn%%?%i P?ﬁ%&cﬂ%ﬁg??‘% %%bgtigégl tai c absorber

| ayer. AulhGaSSer€uliEife] AsinTBSE AW TISSenGnitadiSSal Agﬁnﬂﬂ&?ml tai ¢ absorber

| ayer c b i Iy rA [ |nk his filtered
with a 86.145‘&%%%% ?I f(}%‘é‘sg Arggn(?aéeg rﬁqlg?%gnseﬁl I%flfnﬁ mcegn be deposited
onto an al umtmmr&emmslﬂaats@mmg}aﬁg;eae,s@@ﬂm; (Dngn(}amte AgIn@a@TQvebox in

i nert argo b e t he pol yneric
pr ecur sor ‘m%‘t ﬁ%’g ?”anHSt ﬁ"&i@r oéela‘g% g ‘iﬂ@%&%@?@ﬁ% “he substrate
can be renoxeCaTasTk. heat ed at a terrper ature of from about 100 C to about 600
Cin an inert a ts(;@?erg 1hereb e?luc'hn athin filmmterial

phot ovol tai c ab of {ﬁé{ ayof & bteﬂt? nef lat‘rsplflbcélonaa‘t“i‘ﬁrsﬁoﬂ’fcldﬁ‘i%t eri al
phot ovot4 ai gsosar b]@(anipﬂ%%f Juﬁafbntiﬁrtﬁ@ql@eﬁ)ér@lﬁﬁ)‘ldndh g aa aa@ li¢@eEi ¢ precursor
ink which is filtered with a 45 mcron filter, or mcron filter.

The ink rraycab%zﬁﬁﬁftséoan@ﬁtdgna S %FW@‘?}M"%“F @W*&V‘ﬁt@”%lfb%eﬁt%e using a

i nkj et prinpgrcidisy, ae&hw%m DeRNphMBFibnsA 985,880 HABHH! m of about 0.1 to
5 mcrons thi ccllgjness can eSlyogl tle)% ori ’tsﬁe%bstraate Tﬁe substrate can be

20 renoved B Rédr diateld 1Y tenip Laqustand Sirvrrabegrdus dlyndborboabout 600 C
inan i nertP%f&Bﬁ«%@E@nce a@ﬁEﬁQ){eean‘éiU(’)BPg athin filmmterial photovoltaic

absor ber | ayer. I n sone” exanpl e a solar cell can be nmade by
provi di#y an el éewml@ptcayétetbnk@swayebmeeheertrearyekmftmmmeo 8Ubist rate. A

thin 711 ey fodlmiBARLAXOLLALS JARRRYBEL hENSH ANRE-CaAkSH AR O the

el ectrode | ayer as descri be ove ow | ayer
0.01 to about 10 micrometers, or from about 0.05 to about 5 mlcrometers or from

about 0.1 to about 4 micrometers, or from about 0.1 to about 3.5 micrometers, or from

about 0.1 to about 3 micrometers, or from about 0.1 to about 2.5 micrometers.
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25be deposited onto the absorber layer. A transparent conductive oxide

| ayer can be deposited onto the w ndow | ayer, thereby form ng an enbodi nent
of a sol awocelln17236 Met hods for maki ng a phot ovol t ai @eCahseslomrs0bmnryer on
a substrate include providing one or nore polyneric precursor comnmpounds,
provi ding a substrate, spraying the conpounds onto the substrate, and
heating the substrate at a tenperature 30 of from about 100 C to about 600
C, or of fromabout 100 C to about 650 Cin an inert atnosphere, thereby
producing a photovoltaic absorber layer having a thickness of fromO0.001 to
100 mi cr onedudsatesThe sprayi ng can be done in spray coating, spray
deposition, ] et 14epaRHrHOProclorns B @ iREhAYEh Be uFlf REHSUARE 6y Ry be gl ass,
nmet al , polyner pl astic, or si ? i con phot ovol tai'c absorber | ayer
made by t hesuh@taltﬁodféle@ﬁbStrhtﬁsaldbesmwﬂ@y mytamwdatnn bawgiany ghabe.f or nul a

%g( Izn: SSV t??%&nbl %ﬁ%hﬁé@? pol vy p?%c)rtiqws(g?s &&ﬁ ths%d g%(t,rgatrg a 8150‘[0\)61‘[%11% ld;}r]relot[)p 0.5 t O 1,

1.8 to
The phot ovolavakc absorber Iayer made by t he nethods of this dlsclosure nay
have an 5 enpirdcal,fo &prnu Sez where X is
from0.8 to 0.9 amples oé sn‘Hstraass wh1 meric. preC}.trrs%r rﬁr} 1§ Olsc_zllosur ¢ hW is from

1.8 to 2.2. bd\cbptsmxdson‘mrntemakctlm@ sampdbmltramd taped sabgonduetord, sifiern, can i ncl ude a
step of sulf rlzatlo eni zati o rtain variations, nethods
For ki ng BRERSUST: SuSEhcRrBart R s dys e LR HE MR he' compounds
to a tenperﬁbﬂn@zmtoimemﬂ&b@nhnﬁﬂmﬁhbamabauﬁt&ﬁ&ﬁc 10whi | e deposi ti ng,
sprayi ng, coating, rin t he conpounds onto. the substrate.

Met hods for mklﬁtﬂlbétraﬁgb’f‘b of Hﬁdé"”@b‘sg}r’)‘?ﬁgr‘um89%?‘05’5?3‘31“%%31“3‘9% i ncl ude
provi di ng ogmpetndyore polyneric precursor conpounds, providing a substrate,

depositing the conpounds onto the substrate and heatlnq the substrate at a
tenmperature of P &RUBRAIMANG. Esihsiraip gy beots-tsated pvithagpelusi¥m100 C to
about 15400;&aiig donfRuRPL Gl Chofe dnRRAcoR@RinG hdlyRndA&Ed at nosphere,
therebybfrodUC|ng a photovoltai c absorber |ayer having a thickness of from
0.001 tb 106lefivetoneters. The depositing can be done in el ectrodepositing,
el ectroplating. sehghl of s%ﬁrapés%tmgch AR ARRARIAL ATl hGkibdrelgROST L T on,

sol ution deposition, |ayer-bylayer deposition, spin casting, or sol uti on
casting. Thee depersted altmlnm@yn@@degh%@s matgtfeils, mQWbdﬁnymetﬂumptuastl c, or silicon.
Met hods fory trate include
provi di ng Oﬁ%ﬁ%ﬁﬂ%ﬁ?@ﬂ%@%8¥ﬂélg&%?§§u§2%§ Hﬁ%V%Bhﬁ%v?ggggﬁa substrat e,
printing th@mnmmseamﬁblpﬁ@dmubshnmn&Ih@nmnhhahmngMWheM@ubsnmate at a

t enper re from out i n rt sphere,
thereb?hgrd;udfﬁﬁ %#ﬁﬁlgégbfgg?glgggbsor 9?@?%?’ %%aﬂgsbn?bpgkness of
fromO0.001 mmn¢ﬁﬁnﬂMGmﬂmk$emdcmﬁhamnmsmmmng can be done in screen printing,
inkjet printing, r|nt|n fle aphi c ravure

bri et ng.  The. SureBP &g hiss o aice s rabesi PRk Mt iuethe 45751 T con.
The met hod wedepbdited hﬂjﬂﬂtd’dﬁhﬂﬁl& Iﬁ)@dﬂtdﬂ@ pIa@tldshQndtftlﬁvaﬁolyﬁlﬁéi’s tdopdilﬁlhlers
|nd|un}contaln|n npound, such n( SeR) 3 mhere n Ris alk or aryl.
30El ectri calf® 36’6%3’ en@%ﬁalrsfgrlstr tﬁﬁaﬁ'g?létﬁ% RP¥E3rBgpates, po YeStﬁFﬁr @IY&F@%I osure

cont enpat esin¥EiiaSpdlRfiny Fiaekdk, Qﬁ)l}&ﬂ@hdﬁielﬂi@ﬁd&gol?étﬁy'ltaﬂdsCa' power. A
photovol taic device of this invention can be used, for exanple, to convert
sol ar | i ghtPaystherigides; Robtetheimifenss. oty hsrksionss H‘é‘éimtlbesap%b‘ﬁ%‘r}ﬁ‘?r&‘lesapomr

grid. achRoHE BRI RS Gl RiyrdnB Boly B sﬁ&Jn@gr e b, "and f¥igatfoRs BLby i dual
solar cell as well as a solar cell array, which can conbine a number of
solar cells.  Examplggofsypsifates on Whirdi nobanesie prasrisoichfsls disclpwresn have

i mpr oved retter RBhitkd Xrprﬁ%dqﬁclg&lrboﬁ%vdlﬁ%lscan be manufactured in nodul ar
panel s. 5The power systens of this disclosure can be nade in large or snall
scal e, 3hcl udi ndxpo rotscybstaltqa@ns@rrétla nedenerigpragpispr dshipdisgosmaeanat t scal e
for a publi r: ol ar cell devices and power
systens of %b#@&ﬁﬁ ]%gﬁgghﬁgk¥ﬁga%gﬁﬁxﬁ%ghaﬁS§nanufactured and used with

| ow envi ronment & subntpae:;of this disclosure can be of any shape. Examples of substrates on

which a polymeric precursor of this disclosure can be deposited include a shaped
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A power systemof this disclosure may utilize a solar cell on a novable
10mounting, which nay be notorized to face the solar cell toward the |ight.
Al ternatiwelzg11/a7s6l ar cell nmay be nmounted on a fixed olpCeats201m0/0a05Hpt i mal
orientation. Solar cells can be attached in panels in which various
groups of cells are electrically connected in series and in parallel to
provide suitable voltage and current characteristics. 15Solar cells can be
installed %bgtfa@ef hORSing Aaubvel Jyhﬁ@er%ﬁ&oﬁ rodSipih] AL St apeR, #f al l

ki nds. Solar cells can be conbined with various kinds of roofing materials
such as rodflideg2 vineescusyedshifprglosg spheroid. A power system can |nclude a sol ar
cel | array and a BRlkALhasbORAGEs ﬁrﬁﬁ%ﬁmheé\orp%fotéﬁéf&%% ol

di ode-containing circuit and a voltage-regulating circuit to 20’ prevent t he
battery st oages @ysinsmrg iradayed pbid mlwger!cmrmylgehr oftbisgwicationcel | s or from bei ng
over charged oyer for

| i ghti ng, electrlcmélg eﬁ g@%@ﬁgmﬁﬁsezﬁgsfgg?%?%bgﬁ'%]%ﬁes punpi ng
wat er, desamﬁmumabm@mH@ﬂ%ﬂﬁ&ﬂumﬁwe%DMQQm@ﬂ%@natmnﬂmnmgmamumu@actur|ng, and
(c):h??; , uae,lfltflslgs ?llTllrlt% ef t%ftqlue%e 1ride ﬁtamumumﬁlled t(%a 1um%Rrel esﬂ?c(l: 91 taf%ppegoggéfl

al koxi des, mtmlpemcﬂle dehsommmammmmhgkleye@raasxaammm{apmemmg layer, anltrlde

2,2,6,6,-tetranmeth nedlo 4- pent anedi onat e, copper
nexa | vor oty PatlEsaE & Bl I AR MndOBN Gt Copoer
d|nethyuanlnoethbmmgesoﬁﬁma@@ﬁﬁoﬁe&meﬁﬂ@kﬁngﬁﬁdmﬁgﬁmmﬁmo&@emﬂ@@ Sour ces of

i ndi um i ncl ude i.ndi.u tal, |alk | i.ndi i nei hdi um i ndi um
hal i des, i ndBefERiigR %T@ge cqypl r?&f“tﬁsn ﬁ?%?tilﬁg‘él azg e?n%;[‘}‘?g? P‘Hdi um

i ndi um acetaek@fégteqﬂ@éneglycblnﬁh mmgtyazsla{ek ey RRANMANRE i@ RSs, thibd] um
nethoxyethOX|des i n |un1net Itrlneth yl acet yl acet at es, i ndi um

trifl uor opetiteaniade/brigls.car Oésﬂt? aﬁidﬁatq&gaé@ RPREEEF acids, triazoleso RIS gal | | um
i nclude galpiep netal, trialkylgallium trisdialkylamne gallium gallium
hal i des, galliun1f|uorides, galliumchlorides, galliumiodides,

5di et hyl%al | i umSehttestas deg be dravererl sthadhetrier &yerghefare thedeposition of BiEMEonat e,

gal I'ium et %H%%roﬂ@#ﬁ%ﬂ&kﬁx&mﬁopm%hﬁ%&%ﬁﬁﬁpy'heptaned'onate

trisdi net hyl amnogal Iium and m xtures ther eof Sonme sources of

gal I i um and i ndifixemaleeoltrelpenérdeydr inplufin? glesdaiconanctPdayenta tiwiimcat i on No.

20080571 1(f%nta#(?1€gdlg$rérl Otﬂﬂ%ste%"gofl‘édfnllﬁa)lfe? 3 t%talﬁl%l c%mai?n%é 1 tungsten In various

processes 0 st a conposition or material” may optionally be
subj ect ed tmnabsmaﬁumﬁm@d¢ﬁmnmzmnmmh aenisw| retnidg siticide tantalum nitri®ul f uri zat i on
W th FQi)or. r%&%&anans$bﬁg5e may be carried out by using pure H25 or
H25e, reéspec ? done by dilution in hydrogen or in

15ni tr ogen. Sel emuzbmirat@cundmrmf ahysthicheess and caacbedtim atiouih2(Gaicwaymadrs toor ot her
source of e en%td%b mlcrome ersno]r more in thickness.

Ink compositions

25 Embodiments of this invention further provide ink compositions which
contain one or more polymeric precursor compounds. The polymeric precursors of
this invention may be used to make photovoltaic materials by printing an ink onto a
substrate.
An ink of this disclosure advantageously allows precise control of the
30  stoichiometric ratios of certain atoms in the ink because the ink can be composed of a
mixture of polymeric precursors.
Inks of this disclosure can be made by any methods known in the art.
In some embodiments, an ink can be made by mixing a polymeric precursor

with one or more carriers. The ink may be a suspension of the polymeric precursors
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A sul furization or selenization step can be done at any tenperature from
about 200 C to about 600 C, or at tenperatures below 200 C. One or nore

st eps of wWOIl2burdizssi on and sel eni zati on nmay be perf or negCearseaonewss y, or
sequential ly. 20Exanpl es of sul furizing agents include hydrogen sulfide,
hydrogen sul fide diluted with hydrogen, elenental sulfur, sulfur powder,
carbon disul fide, alkyl polysulfides, dinethyl sulfide, dinmethyl disulfide,
and m xt ur eg oh BefagRfcarrier. In sofX MMLES, BE 1%5@%131!1&1%@1&%5@)‘1}?%&?30' ude hydrogen
sel eni de, hydrogen selenide diluted with hydrogen, elemental selenium

sel eni um pONERBFSOrTiA BB BFEABIE SETighi Ihe carickean bpsp erpsisligwildes, di et hyl

sel eni de di met WIJ 1nﬁlb§fp$eerﬁécg%yp%%1ﬁ§ MeLbrr?rﬁ)ré rﬁ&fc precursor A sul furization
or selenization step can al so"be done with co-deposition of another netal
such as cowerpoumdﬂ@ndnmlutohnwldlssqmng,@h@nmr@abr djefersmgtthm@pomdsu’e@d herein,
the ter r S that

ei t her (()XO porm?%agrgefrnillﬁlﬂgﬁgg &l ere #&Q%Q arﬁ{; ﬁ%ﬁht E)Ir{%frul a. For
exanpl e, (S}aﬁeparmqimmaircagrttctmiananﬁtwswdmdlwdrrmﬂwufear or seI eni um or any
conbi nati on thergaf maxtral? noPHled Fur.t her . usi nglth'ﬁhlgﬁlsglt on t he anmount

of each atom can §O%C|Se Pred: POllymerlc Prpfursor%\ﬁ an appear | T e cheni cal
formul a of laefrmh eloouk QQOI%eo a0t RO W/ (. 07&0h1rn,b6ut2fi)0(l%tolah(dlt©a%e& that the

at om speci f @Q‘?{ﬂtbﬁrﬁﬁoﬁgﬁgbf in the parentheses is indiumin 75% of the
e

conmpounds a mai ni ng 25% of the conpounds, regardl ess of
the idemity any pcﬁlh@éncqiramﬁsor May beistdapiguiddr fldwalldyghasderiaee of a specified

amount, the term fers to approxi matel yal anounts of X and Y.
5The at oms @NP&aMu eaﬁ’i‘a/) ‘?’%detb @fe&fﬁr ‘%go Q- ?‘8’1‘18%( pggmglag -as chal cogens.
As used herein, 1hB&nd @fifaBbns 0Bthid Mv&atieS P8RS pf@uiSst fHAf ar@ haiglyeni um or

bot h. The Ietter "C' in CIGS refers to copper, The letter "I" in CGS
refers to i9HOlEPT arpisplable d a paicylay Cerlescapév?éfsgerﬁ%l iy Hheicpiiiet by high As
used herei Nyhedriixingr M CI GS incl udes the variations C(I,3S and C'S, as
10wel | as CGS, unl ess described ot herw se. As used herein, the term

Ol GS i nb udes t He used hasein tsssem disperaposeompsngestthtsens sobpdizingg er t o

conpounds ofiJYREES bRl SKvaliy ai ni ng copper /i ndi unif gal I'i unisul fur/sel eni um
whi ch may C()I%St allﬁgsulfur Iggr sel enium or both. 15As used herein, the term

"chal cogeni de" rTélﬁeﬂrSlelt@r@nmbﬂﬁtﬁlﬂﬁrfbsc‘@@walilaylhqgn@r%nleﬂlqwdroeSQimtcogen at oms
bonded to gﬁﬁan‘g)resg?ﬁ arﬂ@rlt’f@} anaﬁl?mstgns dlsclosureﬂz éire%fll o Iﬁ‘(l)rgﬂ'gan@s used herein

refers to ocar adi ca a saturate hati ¢ 9group, which can
be a branclwdjvems \umdtmnscm}l@b,m suggtousgbmgoment. unsubsti tuted al i phatic group

containifng from car.bon Thi f|n| . 0N lies to the
20al kyl éd|;ort| on Eé boa e@FS O%rﬂgéamgglsﬁc urtherpr?wﬂggd Iilcel?reéad%%lroaI kyl, al koxy,

al kanoyl , aroaipoyihds havndg a’tHaecredgolompe/ ideh¢ oadorb ehroars fd‘l’rmegaengnnksycl oal kyl " as
o, e LD TS R e OB AR Y EL €
" C( 1-5) al kytaturt ed dolesuldc(siky ahkybight@f Ipabdeydre ofg(aﬁl): dilckndk attdchéd t@ltkeyl and
C(5) al kyl . clbimli)%uwﬁds.e’ the term"C(3-22)al kyl" includes
25 An ink composition of this invention may contain any of the dopants disclosed
herein, or a dopant known in the art.
Ink compositions of this disclosure can be made by methods known in the art,
as well as methods disclosed herein.
Examples of a carrier for an ink of this disclosure include alcohol, methanol,
30  ethanol, isopropyl alcohol, thiols, butanol, butanediol, glycerols, alkoxyalcohols,
glycols, 1-methoxy-2-propanol, acetone, ethylene glycol, propylene glycol, propylene
glycol laurate, ethylene glycol ethers, diethylene glycol, triethylene glycol
monobutylether, propylene glycol monomethylether, 1,2-hexanediol, ethers, diethyl

cther, aliphatic hydrocarbons, aromatic hydrocarbons, pentane, hexane, heptane,
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25C(1) al kyl, C(2)al kyl, C(3)al kyl, C(4)alkyl, C(5)al kyl, C(6)alkyl,
C(7)al kyl, C(8)al kyl, C(9)al kyl, C(10)al kyl, C(11)al kyl, C(12)al kyl,
C(13) al kywo 2e(1mymbkyl , C(15)al kyl, C(16)al kyl, C(17) al egir/jusa{iod®yabkyl ,
C(19)al kyl, C(20)al kyl, C(21)al kyl, and C(22)al kyl. The term "al kenyl" as
used herein refers to an unsaturated, branched or 30unbranched, substituted
or unsubstituted al kyl or cycloal kyl having 2 to 22 carbon atons and at
| east one C&mens&o@{aﬁprae&%myaom% plp%néeﬁ lel?el K&méhe baschsed herein
refers to an unsaturated, branched or uUnbranched, substituted or
unsubst i t uttelicag. Péyllensfetrélwoww%mqﬁlm}tieﬁ@womﬁnzszlowebwela&lbweand at | east
one carbon- sql%ﬁgﬁ g, 'heﬂo el ydrocqr onsq]@roﬁl%ﬁlmha@é HiRKBronRhatised herein
refers to an al P V or a roup coval ently bonded
to an oxygeﬁcld@roﬁthaﬁﬁh@ctﬂemhﬁ@ﬁ ¢bémgf§brm ra@hxls@cth?;@ﬂelanetm@fréfr gster,
-C(=0) - o ky. X " The term
"al kanoy O%&Wﬂgg u 1%%%g$gﬁﬁfre efs mg§5%§%ﬁg2E§m&91q§$%€%§hﬂThe term
5" aIkylanlnbmxabwuaéwﬂhémegbwohﬁ@mﬂmedfmh%,qmumpInwmﬂ%ﬂwhhmme,R and R are

each either_h n and..R i | kyl .
Ayt am o PAETGARG L Py Raltb pRlbRhorf Rl B AR P 2 ri g

The term' dbhykaahﬂ@g&k@kmneei@macmﬂs{@MthmMRRHanBeamﬁhn1 aryl" as used

her ei n refe 0 ocyclic icyclic i ¢ carbon
'ing Syst e Beppaeao ey TRRE Y del P b Sigrahd B HEEEE' Gne g
is aron|fic. Sormllaxafrmis&ﬁsca)fsurama@rfydthe'r meludel eorpfuanyth suchaphtisaktant,

t et rahydr onapht hyl , ind hen ere ar stituent is

bi cyclic ant™dhy anﬂme ﬁﬁma%?ﬁwgﬁﬁwgaé?ﬁﬂgr dUé“Pﬁgg Tatt achnent is
to the arongickénck,iaRghcodMy rididificr ERYanh xRS ﬂ@whg@h Qrplddniskdss i tuted. 15The

term” heteroaryl as used herein refers to any stable npnocyclic, bicyclic,
or pol ycycl 8decivBopechl AGsplEaiangromeehtuctigidsn a B Aenditpngadh ring,

wherein at J@asdn @Bﬁo{ef R & @@r@emftﬁes@@&nﬁ&ﬁﬁ@hm bk Qid at Rkbrhet er oat ons
sel ected from ox nltrogen and sul Ph oif orous and sel eni um may be

a het er bat oifis d56 réﬁ‘a%‘rbY@@ 8vmab%9@9bért9ﬁbquh “a@ematerdf dierph |
quinoxalinm#mmBMﬁ@;olyl i ndol yl, 20benzotriazolyl, furanyl, thienyl,
benzot hi enyl, "benzof uranyl, quinolinyl, isoquinoliny[, Qxazolyl,

i soxazol yl, pyr dzemples ofpprieeiants mglude plorprgis mplyallgyieneariddisdgtancpyrrol yl, and
tetrahydro :hgf I rivative of a
nitrogen- cg‘wt1 :ﬂlr?}llér?]lé&?'u%{per oalr!ﬁ%/tﬁ%‘%/dr)fafle@eé ?#&?% I%A]f%%@?lsﬁ&ag&' het erocycl y1" as
used her ei mthcectvéttesl rtooylalmnaksmmﬂpher%y polyethylarconethagoly flmgosytemnem of from
five to rein from.l t f ok ring atons are
heteroa(%ns “Ser eg? 3%% dMH%HCGMEﬁi ?%E%ﬁgeﬁggaé P enOXyPhosphorous and

sel eni um maqllqueamhﬁt eatyiammathyl‘ﬁh’rumqmm bidbdeocarlodxgmetylabgloae,het er oaryl or a

di hydro or t ro versi n there ) her ei n
Cefars to s Grethh el E T bty Sin SHE e SRRy bR G, ¢ hc o
such as a ssmhs&uctluite@bhlgallz;@maphﬂaelleﬁlesumhﬁtetsensrrfa{@raalblIsylks pcﬂﬁonysmglleﬁker ein

refers to a I u bonded t n_al k ro for exa a benzyl
group. qkﬁﬂ%ﬂfgpﬁp gWﬁﬂﬁ9Wygggw@?@dxﬁﬁgﬁﬁﬁﬁpgﬁﬁgﬂﬁﬁ ﬂgﬁroup of the
formul aps Qﬂo@c)c%bbl?ﬁwrs@(ﬂ%ﬂérﬁme saltd QbR FiABy areb e ¥alts, #Adnixaeyl " as used
herein refer to a group in mhlch an oxygen atomis doubl e-bonded to a

car bon atod$9€%@. The term "hydroxyl" as used herein refers to -OH or -0-.

The term "ni trilmamgfes o%%&ant@ﬁmlﬁ@&hl&ﬁé %htﬁbnﬁceaﬁmotér@ amonmhfé term
"hal ogen” or "halo" refers to fluoro | oro Cj, bromo (-Br), and

iodo (-1). Wrhetanterramplos of surfacaps lr§§1d9§ BFP@K& P YNPerZON¥Llan at om havi ng

one or nnrqqﬁygﬁgbtghhgﬂgqgr SHAsii tuents which can be the sanme or
different and may includ %y drogen substituent. Thus, the terns al kyl,

cycl oal ¥y1 , aIkéhyHﬁC@mMVnymlwaimanwﬁﬂémmad@@DMH%mRéﬂ@&@ﬁkyvﬂ%mkylanino,
aIkyIanlnoqﬁ&ﬁhﬁKg%X&zgh ﬁﬁigﬁ #Boq§%erocycle aroyl, and aral kyl as used

herein refer to groups e Substituted variations. 10Substituted
vari ations i ncl udembicneta Jisgersantohadie agrdyney disposansrisatfaatmg, and groups

hydrophilic-hydrophobic block copolymers, acrylic block copolymers, acrylate block

copolymers, graft polymers, and mixtures thercof.
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having a substituent or substituents replacing one or nore hydrogens
attached to any carbon atom of the group. Substituents that may be attached
to a carbwoatianrsb t he group include al kyl, cycl oal kyl pcaluseerpiog408s kKynyl ,
al koxy, al kanoyl, al kanoyl oxy, al kyl am no, al kyl am noal kyl, aryl,

het eroaryl, heterocycle, aroyl, aralkyl, acyl, 15hydroxyl, cyano, hal o,
hal oal kyl , am no, am noacyl, al kyl am noacyl, acyl oxy, aryl oxy,

aryl oxyal kyl, marga ks)ofd?ﬂetlmmﬁ&%ﬁmlfmmw&mmw ﬁlr@h erocycl e. For
exanple, the termethyl includes wthout limtation -CHZCH3, -CHFCHS,

- CF2CH3, - CMPCHEIFE, 20 CHEEZRERSlyetinlrerax, moepbpiya polgmpetipiene slel2 CF3, and
other vari3jcanias (48ROI ARk IRYS il bBEPESRlym R kg my J tself
be furtherﬁég suEsthhﬁgd#vmt ) %%v etgmor ﬁ%%?e aﬁ%ﬁ% &tHﬁ
exanpl es ofM@MQGBmWWF@éﬂwrﬁ@@bamsams&vhﬂpgmeabk?mmnwbmuue hal ogen,
hydr oxyl 4 r rnyl, ketone,
th|ocarbony@ﬁﬁﬁﬂ¥%gg%§%&9%%%g§§Z%g?évﬂ#%: %Q}%%ﬁg&pg%ﬁég%% igny
selenoestennmsekﬁw&anénamﬂwsﬁekmﬁofornate aIkoxyI phosphoryl,
phosphonat e, ph m no, cyano, nitro,
azi do, carbanatggg F?ﬂﬁ%ﬁ FHbm?%§F?ﬁ1mQMde(¥§¥bxm§%Ifonate sul f anoyl ,
sulfonanldahmﬂmymohmhma&mj@hmﬂMEmbK@mysﬂmbmﬂﬁn%hﬂwaramMmkpharonat|c and
heteroaryl " m% BF und rsto gstlgutlon
substutute‘?:IgW“‘t‘f‘?"*r%ﬁch 8% ?ﬂ?ﬂéfeé‘ﬁod‘é ﬁ%‘f?’%ﬁrst t‘mi‘greﬁﬂleéc?éordance with
permtted val enCBiaﬁif)leS hﬂu @ryashdlﬁdetae@inzaic@mnf@iwac&m diremsmtixsatbo&wt As used

herein, the t ubs ted" ude SSi substituents.

I n general, “ﬂflghﬁiﬁﬁﬁ’ “%%ﬁ? lﬁﬁﬁiﬁfphﬁﬁﬁyé P&l @@H$QW? “Conpounds

contalnlng @m@mymcﬂmfamp@uma&uﬁ@g&ers may |nclude t hose descri bed as an
"isomer," a "stereoi sonmer ‘di astereoner,” an "enantioner," an "optical

i somer. " or as a&empkesd %ﬁlllﬁr%tcllﬂdé metedig lisry, pibes Pewster.stlesr dsks distal al

nonenci at Ur &atell Qlas€AAEBY, @rdphife SUIWRICE @hrBOTBIacK) BMdN& Ve Wheds oRfueCahn, I ngol d and
Prel og, as wel | "as nethods for the determ nation of stereochemistry and the

separ at 1'on dhylgcaindpestierdyners R swuichthersef. art . See, for exanple, M chae
B Smih and JeniymRl of rclfbERLSnARIARRAAE rR AN RERE TS ks, SLH edi tion,
2001. The conpounds and structures o I scl osure are” meant

enconpass apdlyvyingd syixlslons phenole regmerl@msms,§ldehy@3tsemsemiEYlgyl enantl omers,
and/ or opti | t I r the speC|f|ed
conpound or&§$?3%§%?éﬁ&ﬂggﬁu§8#8q3%§ %% ?%ﬁ%gggg%gﬁﬁg&%&méghermﬁse t her eof
Thi s invenuﬁmmmﬁmosnpasse@banyhmndmalhxvauﬂmﬁeﬂwémc90Wha@md&umﬁunsolvated
10 hydr g edqor h dd a o forns of the
conpounds an d)rocpoﬁ'l n¥e(1:js ?Elg cgfsrﬁgyidr&gﬁ)mﬁ émaﬁ% es1Xs }eg.ﬁ‘?m% I;aﬁgglnt i on
enconpasseamhhysamMmagMnsphamh¢k$mecpmMqubpm&m@qmdmhhémmnt crystalline

forms of the,co S|t|ons |sc ditiona
Eoboai nent OSSRy S RO a R f O S RS Do e AL T ot i ons
and patent dphéscpdlyonsns| dnddnikRrRititrafe each hereby specifically
incorporated by reference. in their entirety far ose

this invention my %ﬂfctgﬁ‘é‘&ﬂﬁfsﬁélﬁ V}SHOSE%F%%%&F? IP‘H“%eCPE%}C BYFent s,
aspect s25 orceWalobed | urfsnes %@uf@weﬁ@r&@hé falRRV@hRERID c&@ﬂyrﬁagth for purposes
of 20illustration, it will be aﬁgarent to those skilled in the art that

this |nventl?OéY?CW|1?é‘FSu%¥>caﬁl?€iY1f‘i9(9 | caghenpasthertlvoseadpydiaxacthypel\plgsesat i ons, and
that some ofethiBelB)&, hl%thglﬁl%rdrfdx%ﬂyn%rlﬁbg&s rrﬁéfhﬁ%ymﬁyp%bytr@émldé@sr ably

wi t hout departing fromthis invéntion.
silicas, gellants, aluminates, titanates, gums, clays waxes, polysaccharides, starches,

Wi | e

and mixtures thereof.
30 Examples of anti-oxidants include phenolics, phosphites, phosphonites,
thioesters, stearic acids, ascorbic acids, catechins, cholines, and mixtures thereof.
Examples of flow agents include waxes, celluloses, butyrates, surfactants,

polyacrylates, and silicones.
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i nvention includes such additional enbodinents, aspects, and variations,
and any nodifications and equi val ents thereof In particular, this invention
i ncl udes woRoRFIMmBbi nati on of the features, terns, or elPewarse&00fi406He
various illustrative conponents and exanpl es. The use herein of the
terns "a," "an," "the" and simlar terns in describing the invention, and
inthe clains, are to be construed to include both the singular and the

plural . 30The t&frampict MPIhHcRE includidNiy1 Benzyl m@m&ebut IHeHEyIIUdl ng" and
"containing” are to be construed as open-ended terns i ch ‘mean, for

exanpl e, " |M@h%sn@100tbmhth@%%esl diphylgvthelstes, drmaiby! pharedicssdichetighexyonpr i si ng,
“havi ng, " dd%ltéédrﬁrsobut}l%ﬁ!h%!ﬂ{egQius@dﬁ%zl Rﬁﬁéﬁhﬁya&ex@rﬁtﬁafété@eg&&%t rued as

belng i ncl usive, excl usi ve. tation of a range of val ues
herein ref etrlbenzn@iws@mb bynm@ieseaelhpr@nﬂelmg}ycyé@h@r@@ewa¢qn>entfs'bglyq0hg Wit hin

the range a&bé odtds eﬁlg géh‘{ﬁa%%' bi%y ﬁa‘?a‘i’eshc%ﬁ&ﬂsﬁba\'é@t%& hgr, or not some of

t he val ues int are ekpre recit or eXarrpI e, the range
"4 to 12" |hm;yltmte@hwe's hodutnuktum thatepﬁn any whol e integer, 5 fractional, or

rational val ue great ! Oﬁ caorlladﬁ)crtvﬁ \ tmcu? ﬁﬂm &fs 11tthan or equal to 12, as
woul d be under st 664" hose"SKi ¥?‘%3 hearts % eC|If1| c val ues enpl oyed
herein w | |trllﬂ&0mnldﬁa1$581ﬂﬁﬂla'&$, lehiemmliteatag, (ﬂmdthmahllﬁe(‘hyﬂtomllbrlddﬂﬁ scope of the

i nventi on. itati nof a.ra at o her ei.n fers

o o 1 JER R Rt i IR S e B B iR T TS e ance as i1
it werel0 ndivi duskylek @aé@ﬁalhﬂeﬁoﬂpfoﬁioltbr inshele hwpeﬂéhanﬁgemﬂmh t he val ues
within the range are d For _exa the term"Cl-8"

i ncl udes W]flﬁgllfsalf?gﬁn’t(%{) ﬁ‘ﬁlsf%g‘ §ag @n@aﬂh@etﬂp &5, gfungs 05, C7, and C8.
Definiti onsct@fcog&ﬁtféwcs;@hluﬁ@m@ cniin @bt Qe ERITTur b@ﬂha hang@nstrued to

i nclude without recitation those neanings assocj ated with these ternms known

to those skiclenilgs safmiumpeliugides, indipm sllideygpdipmeselapides, indium tllyridehe scope of

the i nventi omiunPafifiddstdaffish Qfentfd€ RAILEA! telfufidb® nd U AGd nogatinshal | be
construed to dom nate over alternative definitions in the art or

def i ni t Ionssuliies inahekdsnn aleidesonelyledene tdiufdesymelvbdanapcentagiinthe ext ent

that the al gog{ptagﬁq Vi ddekiuRis ey conflict with the definition provided
herein. The exanples given herein, and the exenplary | anguage used herein

are solely 20f orArtlhbrrwucgﬁgleom orf thgrg semparicttn seleatedl farme therovprt ended to | i t

the scope o I Hﬂjﬁ are
under st ood JtO(r)lEl ?m Eﬁl-?\%%ﬂmg%pﬁé%taﬁﬁl% gtﬁﬁggflbﬂl%e% O%&Cgﬁn%ggé&?ls gi ven, such
as a list ahet@bmblmlinnl@afl sail ekaling santr mct@mabsisodlmnsh@mgbmsecaﬂmmt hi s

i nventi yohtawill. b art that m Xt ur es of
the |isted %lglco%enatﬁ %‘a(ﬁ}? ecuﬁieg C%?htnco %ezﬂdt aﬁgnurrrnatehmi?de mg " 5sui t abl e.

EXAVPLES sulﬁde mdfﬁhmelmgeandmmttesllumdarga]lmm sslf(d?(tgﬁ)hwvaslqneief gmﬂlmd using a
@0 Therno rﬁl NVR dat a

vere 30 1 ecepiidh 1 R ok Rlen oo bR P Bl ot ir® 1) pol yer o
precur sor C@@p@uammde, molybdfny3o by figy, h@l){bﬂ&ﬁlﬂf Shideepolgbentadelbyidé,he formul a
{Cu( Seseel 3§Jn)d%r|1i)r<]t}ure\g%§ar?;yor}ttﬁ]eet%}ezg§1ggus' ng the foll ow ng procedure.
25 An ink of this disclosure may contain particles of a metal, a conductive metal,
or an oxide. Examples of metal and oxide particles include silica, alumina, titania,
copper, iron, steel, aluminum and mixtures thereof.
In certain variations, an ink may contain a biocide, a sequestering agent, a
chelator, a humectant, a coalescent, or a viscosity modifier.
30 In certain aspects, an ink of this disclosure may be formed as a solution, a
suspension, a slurry, or a semisolid gel or paste. An ink may include one or more
polymeric precursors solubilized in a carrier, or may be a solution of the polymeric

precursors. In certain variations, a polymeric precursor may include particles or

nanoparticles that can be suspended in a carrier, and may be a suspension or paint of
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5To a stirred solution of In(Sesel3u)3 (2.60 g, 5 mml) in benzene (10 nl)
under inert atnosphere was added solid CuSesel3u (1.0 g, 5 mol). The

m xture waie 20tt/nrsd at 25 C for 12 h to produce a pal e perlusenvoh455 on. The
sol vent was renpved fromthe reaction m xture under reduced pressure

| eaving a sticky yellow oil. The oil was dissolved in pentane and filtered.
Sol vent renoval fromthe filtrate under 10reduced pressure yielded 3.1 g
(869 . the Wnelﬁ@-ﬁecm)lnger%@n b odimei) ap&l @i gl*ecﬂsor%gﬂ'% 1.81 (m
AH), 2.02 (br'm 4H). 3.67 (br Fig. 81s show the TGA for
this MPP poﬂny‘ﬁéwtb awlé@@% gppunt mcm %ﬁm@e& Simléfr%isqmlmildtf@b@rnm ng at
about 190 RAY NG A lidBRENL At about 210 C, 15and ending at about 230 C
The yield fci?)arS t he tg)roglnsft |Bon V\O/ars 46.6% (W w), as conpared to a theoretical
yield for the fdmewiseosgyloh8ekof th.rs@llsze%(lwcw)be freragbout A& ch@Roshowed t hat
S POl b oRbER 40 3PTor 43 REUHPEH O PH A EMINTER ol UGS BT

mat eri al’s, can be used as a conponent to prepare ot sem conduct or

| ayers, crycstfednsaboanﬁtorvbbmrm&l’s 20EXA|VPLE 2 A pol yrrerl C precursor
represented by e faor synt h u5| t he
fol l owi ng proce eVISCOSltyO?aIng%ﬁ% |drlsrcgo>urec% |cr)0nmo &gj%% §u) (2.20 g, 2
5 mol) in m@nzengre(a%ﬂ me)vmmndezroflanﬁﬂdofathSq:IMreecaMS ﬁanllcbédutszolcl)d CuSes13u

(o ohy 31 BB o8 Tl B ZOlEE Pineh{ B B By kR b kP Pr ook e ©

under raducedbiitesdoutecH, eaftémgbaut 300 ekiy ay&ltl40)00@t?, .or b abbut 20a8P di ssol ved
i n pentane ang fizéto% d. Solvent renoval fromthe filtrate under reduced
pressure y|t8laL (89% . NVR  (1H, CDC13) 0.98 (t, 12H),

1.58 (br, 12H), Tlle-fokc&slilSuof gtk o th@RidcRisure 4 be dt Beb, GPEboutBP, or I'n
Fig. 9 is showm the TGA for this ymeric precursor. The TGA showed a

ol
transition 488N ARt Zrdupr abept ]@Oéﬁooré‘ﬁﬂitﬁeo &t o RANE 1.OAYCIEOr The yi el d

for the trafgitd 6o s afﬂ)f]u{‘)l()%%l? REbERIPBIE, bPatRut TIE0eb! Gabowi €l d for
the formula CuGaSe2 of 43% (ww). Thus, the TGA showed that this polyneric

precursbt c#ePused to prepare CuGaSe2 | ayers and materials, and can be
used as & cOMONEAn{ GriFRERE uPlRShn SERLEOATYCEE AN itrygkal s, and

mat eri al s. S5EXAVPLE A pol yrrerl C precursor represented by t he
formula { Qgrgamui)azwﬁ}ctmga disparshid sdnzasei | ulérnap anbifodroing aginhg daves.cedur e.

A 100- Scﬂ e?%ﬁlﬂgﬁd&a?th?%gﬁegeadw 0%15/ Ihgﬁ I%rB%Hl) a}ltl ogldég dgglogv_?% m ) and

CuSt Bu (0. 21 enzene was a e Teaction
m xt ure 10welsstinieat edorwluctwy@gmt'elrmwsgﬁluzatlm poioter, @8 sxtswder,c filor mad The

sol uti o mcson%lloﬁe?raﬁldagﬁ‘ sgo tpgoemgtgrl !cngd V\@ye \f@@ert%lnv t10n$ ea?lzu‘[ﬁ(e% room

tenperature er’ ‘vacuum and- cort1ec 33(0 4 g, yield,
53%) . colatagn@mrtoa moan@impeingts f(am B6 gdup bf cadmrym €lfidel 8addyiudn, 23.9, S,

2’1{73 2 4 (NSN;? s%iIéH?de cagmlu(np{ellurlc% %_QIC su(lil cigé %mc2 ge'le]ﬁ?de( 21?16 teﬁurlcﬁe co(ppgfsuﬁ' 68 (s):

copper selenide, and copper telluride. In some aspects, an ink may contain particles
of a metal, a conductive metal, or an oxide.

25 An ink may be made by dispersing one or more polymeric precursor
compounds of this disclosure in one or more carriers to form a dispersion or solution.

A polymeric precursor ink composition can be prepared by dispersing one or

more polymeric precursors in a solvent, and heating the solvent to dissolve or disperse
the polymeric precursors. The polymeric precursors may have a concentration of

30  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%, or from about 0.1% to about 50%, or from about 0.1% to
about 40%, or from about 0.1% to about 30%, or from about 0.1% to about 20%, or

from about 0.1% to about 10% in the solution or dispersion.
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15The TGA for this polyneric precursor showed a transition having a

m dpoint at 218 C, ending at 225 C. The yield for the transition was 46%
(W w), aswoanparemseto a theoretical yield for the fornulPaT@skn8a4065 45%
(ww) . Thus, the TGA showed that this polyneric precursor can be used to
prepare CulnS2 | ayers and materials, and can be used as a conponent to
prepare other sem conductor |ayers, crystals, and 20materials. EXAMPLE 4 A
pol yneri c ppeedisr MAPLESANhGR P¥ukbR hhbih@s { Cu( Set Bu) ( SenBu) | n( SenBu) 2}
was synthesized using the fol[Towng procedure. In an inert atnosphere

gl ovebox, a SchlTdakrobowec mguremw@g@ igpeptomcap bguyed t@maks pheiIvyltag

I n( Sel' Bu) A : t hen
added to tﬁnelgt%ga ﬁ?%gn%ptg Sul%‘gg g%%g%ohﬁhﬁéﬁ%gH%@q%gﬁﬁtéﬁ%@ fn\ggest 0 a

Schil enk | i neolhematictnesursetic The denebisaduryer wag bhefinedr 4 m flm. Pubstrakd C. The

sol vent ymsargﬁggglx{@eqagg\%er reduced pressure and the crude product was
extracted wth pentane, resulting in an orange pentane solution. The

sol uti on was concentd kred thawrst Gepaitdt“de®itias,f and “XRpBdhont ederltoi ng in
formation O'in % Ooldi or a?%ia{]& ! %gr(ljJ éracsorkn \é\s/%tliol So'ntoTQseur{‘aiéérrsags?raygas decant ed and
the solid was i€ nders +educe pressure | eadi ng for 'oriati on of a | ow
mel ti ng solindudihggnuting edatinplpad printik. heati ng with a heat gun, an orange oil

was formed and isol ated . 4 519, T olvent fromthe filtrate was
Feoved ander v R Fesbi el i S s gR b PEIREL T et was
i sol at eth ( Oa @Bnp@sitidd ¥y er dnrh sb@ratelAving a $ickmasstdfiesd hén fitnt 8000 s MPP pol yneri c

precursor. The TGA 5showed a transition beginning at about 140 C, having a
ni dpoi nt at™KHB™ 95 C, and ending at about 245 C. The yield for the

transition was 484§%ile/ayer ofaﬁis@csamﬁ@advta@tageohhﬁ@nmé;ﬁ@dise)@oﬁdr&l ofor the
formul a Cul nSe2 of 46, 6% (W.w). Thus, the TGA showed that this polyneric
precursor chpstBishigueHicryiayoberataim atemnigdhe lpysy Spaussibe bieréri B s, and can be
used as a COIPRNRAN atAxBFERBOEnREOfleci&R.conduct or | ayers, 10crystals, and
materi al s. El emental analysis: C, 25.21, H, 4.83, Cu, 12.28, In,

16. 25, 5 44.08.Thrprlymeni¢pregursprs o this nventpmpandcompogifionsponzinmg 6 H); 1. 69
(s, 9 H; J-po?y‘;}ne(rf@pr 31[_5%1;5, &n%@ d@&{sit ’0n§0 A_Qubst;la‘é 1 ﬂ'{é§ods knowni%tﬁ@l ymeric
precursor represented by the formul a {Cuo95(Sel 3u) 395Ga} was synt hesi zed
usi ng the falbowelhes petbedsdisclosed herein. | n an inert at nosphere gl ovebox,

t ol uene (ca. 15 T Xt - .0 mmol )
and Ga(Sel 3u) 3 (é%% %pigé’?%@%ﬂ%%’de %g}%ﬁé§g{?®elﬁ%gw%§g%sgﬁzj%{m?’%éggg?ﬂ)%nk t ube was
t hen tr ansfsbstett hdude Scloirendf shiapogandtintghend @ating.on m xt ure was heat ed at
105 C f 12 h, lting. in.for i qn. of. al | l,ow precipitate. The
reacti ot mi xt ur STBET bt bl petale bl dlhating RO o Ep PR EE RS i ¢ ot
t ol uene (3 ofthiS distlpsuc@on 40&ikD} subSuds epuiegh therughmg relhgtecess. étheced pressure

af forded 1. .of I ellow solid (74% . 25Iln . Fig. 11 iis shown the TGA
forthre vioRifts SRR s by s et it Shai B Bt hi g at
about 120 Gprdyag digoaingladp@pdoiticatcofhdidity chdOr fapredotnefid pregurddrs aboyt 175 C

The yield for the transition was 46.9% (wWw), as c red to a theoretical
yield for tHEUNEPMIKLOBRHESEASDMER p&h’?“f%\é\?ﬁfwo.rs ?‘ﬁ‘gg SEIETGA showed t hat

this popymeric Ex@ePES6f mEBssIs: depestited R ERACOHrEUEBSEo 4 AURESor

substrate include spraying, spray coating, spray deposition, spray pyrolysis, and

combinations thereof.
Examples of methods for printing using an ink of this disclosure include
screen printing, inkjet printing, aerosol jet printing, ink printing, jet printing,

30  stamp/pad printing, transfer printing, pad printing, flexographic printing, gravure
printing, contact printing, reverse printing, thermal printing, lithography,
electrophotographic printing, and combinations thereof.

Examples of methods for depositing a polymeric precursor onto a surface or

substrate include electrodepositing, electroplating, electroless plating, bath deposition,
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30and materials, and can be used as a conponent to prepare other

sem conductor |ayers, crystals, and materials. EXAMPLE 6 A polyneric
precur sorwoepriga@ssed by the fornmul a {Cu( St Bu) (SECGa( SERPRT/Usas109y40Ehesi zed
using the foll ow ng procedure. In an inert atnosphere gl ovebox, benzene
(ca. 15 nL) was added to a m xture 50f CuStBu (0.60 g, 3.95 nmol) and
G(SEt)3 (1.0 g, 3.95 nmmmol) in a Schlenk tube. The Schl enk tube was

tranSferredcotaﬁng31d§%bt¢r&kwlsﬂd&§t1@n§b1ﬂ B&iiheaalt chauﬁg Xbiw: Godkag, Hgated at 100 C
for 12 h. The solvent was then renoved under reduced pressure |eaving a

pal e yel | ovfosiing. glpt ge goatigg omeyergpreoating.|lip dgexs yoating. cppidlagypgptinegplietid, 18 H);

3.0 (m 6 i ansition
begi i ng A To0 B By B A RO e B0 ™ v

7 A puabtigeric precursor represented by the formula

Cu( St Bu) 2Ga( St 10w edure. 15In an
|{ne$t a'fis)rmspgrer%)ﬁﬁ%v&@% %g%g%iﬁﬁ)‘?% Olﬂﬁ{e gd%rﬁfd%}eg)élhg%%ggy@%gg muxture of
CuSt Bu (0. 28egysot oo mmfa)ceandlb@aa(tésmm)iecl(eﬁlic&@v@ r(lepﬁsitirmlaéroscn\ a Schl enk

tube. The § leeni(v po b(?e s@ eP regr hi& C hemlca V or de 051‘[10 or an meta 1% reaction
m xture was itfedPdt “g62os & 12¢ KT es ok gp ? ron of a white
preci pitat echefﬁliwl V@alcderpomwn, ptauneeMeﬂrchetrmcﬂdaIBmtdemmoh headwhi t e solid was

washed with 21% ?enzg 3 x 10 m., 2080 C). After drying the solid under
reduced pre®SUWE"Y “of colorless solid was isolated (55% . Elenmental
anal ysisg C, 38. E&@mpﬁ offm&Bods @, depdsithg dply ndeticPrecrso2sht@dsurface or The TGA
for this polyneric precursor showed a transition endi at 210 C. The yield
for the trastlr‘é?t’farteolﬁc atorgicdaysy (sRPihion. § Sl@%ﬁ‘b‘&P af%m&?at%ﬁre(iﬁ’%sc“il%l yield for
25 the for mMucgudlander &B‘poﬁﬁo@%dﬁé’ﬁﬁ@ RFpUGorin 18C TfadteinOWRAndthat this

pol ymeric precursor can_be used to prepare CuGaS2 | ayers and materials, and
can be usecﬁpa"éerélgc?i’ﬁﬁ%ﬁ‘é?’i‘t eﬁﬁmﬁrbéﬁaméap@raﬁ@r I%Sérﬁbéaélﬁm&% ®Ufyers, crystals,

and nmateri XANVE formul a
300 Set By PLATENEL Bl AOTRL e%lyt%{yegé‘.‘li3%3552@%§§?E%@?%?r%%“ﬁg

procedut®e. theregfh inert at rmsphere gl ovebox, a Schl enk tube was charged with

Ga(SenBu) 3 (0. 98, Gertatn Qnme%?tsag ﬁrs%@%‘rﬁ'ﬂ: ﬂrgcu % Md)ontoBae nzene (10

m.) was then added to the Schlénk tu The Sc e was then
t r ansf er r edsubgrate, Sadhjubsequéntlgea second polymeric precursor may be deposned onto the

substrate. In certain embodiments, several different polymeric precursors may be
deposited onto the substrate to create a layer.

20 In certain variations, different polymeric precursors may be deposited onto a
substrate simultaneously, or sequentially, whether by spraying, coating, printing, or
by other methods. The different polymeric precursors may be contacted or mixed
before the depositing step, during the depositing step, or after the depositing step.
The polymeric precursors can be contacted before, during, or after the step of

25  transporting the polymeric precursors to the substrate surface.

The depositing of polymeric precursors, including by spraying, coating, and
printing, can be done in a controlled or inert atmosphere, such as in dry nitrogen and
other inert gas atmospheres, as well as in a partial vacuum atmosphere.

Processes for depositing, spraying, coating, or printing polymeric precursors

30  can be done at various temperatures including from about -20 °C to about 650 °C, or
from about -20 °C to about 600 °C, or from about -20 °C to about 400 °C, or from
about 20 °C to about 360 °C, or from about 20 °C to about 300 °C, or from about
20 °C to about 250 °C.
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and the reaction mxture was heated at 75 C for 12 h. The sol vent was
renoved 5under reduced pressure and the product was extracted with pentane.
Filtrati omoand/Emssequent sol vent renoval under reducedPprassund4ass orded a
yellow oil (1.1 g, 81%. NVR: (1H) 0.92 (br s, 9 H CH3); 1.49 (br s,
6 H CH2); 1.87 (s, 9 H tBu); 1.96 (br s, 6 H CH2); 3.15 (br s, 6 H,
CH2). 10The TGA for this polyneric precursor showed a transition begi nning
at about 100 C pands@0fr REKA a@aemeuz&%l&lg Th@p Uﬂt?alnﬂ‘oifngﬁgﬁbglyﬁléﬁ@s' tion was
45% (W w), as conpared to a theoretical yield for the formul a CuGaSe2 of
43% (w w) . DIRRyssor e¢reponmhindhpmetsrieleascminprsluglor ¢atdeiperfgrmsd at wdieucan be used
to prepare (CHaSRRk @f%mamﬁfdo@ﬂéabaﬂ@f&%opﬁohasdggutqg?ac@@rmonent to

prepare ot her sem conductor |ayers, 15crysta materials. EXAMPLE 9 A
pol ymer i ¢ pibesiUiSeGE, erdpmeatont 20 l@ytOtah@ltﬁﬁi "rﬁxl%@@.@b@ﬂ@@@?@@ aul n, 0. 25
Ga) ( St Bu) 2} 2 t@l | ow ng procedure. In an inert

at rmsphtt-ﬁe 65\6?\?(9%0@19%%?@ ddiﬂo 1Ietlaﬁ(/é)as@charged with In(StBu)3 20(0.29 g,
0.75 mmol ), Ga( $boBerjan z(s@edﬂﬁSde@mtlﬁg Qﬁpoﬂmmrﬁc pramd;o@.oﬁtaBubS(u@teltﬁngq 1.0 mol ).
Tol uene was thenll cej:esﬁib &raelsmleatsﬁh ketV It?a 10 1athm fil ?erlsa rr111| egk tube was
transferreddoto Sc FiheEhd Thear & e as oM BaAH R "80°C for 12 h,
resul ting Idbpbmed’atfoﬂnecbdnthemklmﬂrﬁe preC| p| tat e. The reaction m xture was
filtered, the rﬁmai ni n soI%% S rtWI th benz dr. |1eddunder reduced
pressure, and c PF%’B‘? g’ el% YA A= %Pféfﬂr%ﬂr ?15]133?51? MdestcBe 67, H,
6.82, Qou 14f aﬁnealiﬁlg cala%e&lon@ﬁmuﬁ’an%&;slys In %@he?ﬁ a step of hedtiﬁgﬁlpgecuﬁbar dad shown t he
TGA for this P ymeric ecursor._ The TGA showed a transition beginning
at about 16139(%3 °R ‘ie @}“Qgﬁf SRy Step O%Bﬁﬁm%@ec"éﬁ?& endi ng at about 235
C. The yield forntdific thaisist 4 QBsWRAScAhDe IY01EMNW o sRE oBRGOADANRELiP a
theoretical yield for the fornula Cu 0 75 1n,0.25 Ga)S2 of 44, 1% (wWw).
Thus, the TRIPOSHRRMKSH2 PUbsirate pandeseplodBefpre. BHogRrader csiep Yaorpsiitiseo prepar e
Cl GS | ayer spahighofBAQLbs@hR ma3H c6ARI BEctifaHe AbsPatCRMNORENEmpQatiicepar e ot her
sem conductor |ayers, crystals, and materials. EXAMPLE 10 A polyneric
precur sby r@pe @@éh‘?@ﬁefbvr% ﬁ’éofaépﬁﬂﬂt&l%?f@ﬂf%‘i@@f2@@1)09“1% ugt. lv@?ﬂl@ Stl3u)21
was synt heséo%%ﬁts%? E&Qm%%tﬂcoﬁé éaﬂ%%ﬁpl%?&ﬁ&% bstrate. _ | N an inert atnosphere
gl ovebox, a Schl enk e was charged In(St13u)3 (0.34 g, 0.9 mmol),
Ga( St 3u)3 (0. 0Fhegepwiting phpdlymeraprpiednrsis3w 4sgbstBtegnaylbeglonewith. Tol uene was
t hen added ) I ransferred to
a Schl enk I%aﬁgﬁﬁgéﬁ@gﬁegdﬁﬁgﬁﬁ%&f% 1 Jh?elga%meﬁP § &eﬁtg%ﬁ rggul ting in

10f or mati on of dnwhin¢ erptiesi e tietositing hépatwaarici porvursosstoan be parhid t er ed, the
remalni jig using a spray nozzle with adjustable nozzle dimensions to provide a uniform spray
composition and distribution.

Embodiments of this disclosure further contemplate articles made by
depositing a layer onto a substrate, where the layer contains one or more polymeric
precursors. The article may be a substrate having a layer of a film, or a thin film,
25  which is deposited, sprayed, coated, or printed onto the substrate. In certain

variations, an article may have a substrate printed with a polymeric precursor ink,

where the ink is printed in a pattern on the substrate.

Photovoltaic devices

30 The polymeric precursors of this invention can be used to make photovoltaic
materials and solar cells of high efficiency.
As shown in Fig. 6, embodiments of this invention may further provide
optoelectronic devices and energy conversion systems. Following the synthesis of

polymeric precursor compounds, the compounds can be sprayed, deposited, or printed
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solid was washed with benzene, dried under reduced pressure, and collected
(0.35 g, 66%vyield). Elenmental analysis: C, 35.96, H 6.31, Cu, 12.6, In,
20. 0, GA,wW0.2002/01R3622. 12. In Fig. 13 is shown the TGA f @CTIUSRGLONRPSS

pol yneric precursor. The TGA 15 showed a transition having a m dpoint at
about 220 C, and ending at about 230 C. The yield for the transition was
46.2% (W w), as conpared to a theoretical yield for the formula Cu(0.9

In, 0.1 Ga) %t&iub%té%%l&%r%d 1nT(hMﬁorbEﬂﬁat&% stwatohdtor 4 b1§ pol ymeric

precursor can be used are CIGS |ayers and materials, and can be used
as a conpo n@bﬁprhebmﬁieéﬁaﬁ@ @ttﬁ@basssé?ﬁ QP@WEPG@@TB‘F d¢vigee prd engrgy spmycssiongnd
materials. Q0EXAMPLE 11 A polyneric precursor represented by the fornula
{Cu(SetBu)(SenBu) (0.3 In,0.7 &) (Senl3u)21 was synt hesi zed using the

f ol | owi ng pr ocedup@ne ¢mbagiménite the salangsdiphe then gyavelbose]l haviBg AICERRT t ube was

charged wit i, : : l'gggp Ga(Sel'I3u)3 (0.67 g, 1.4
nmol ) , aérllmd %Jdgg‘fbgﬁ%e(\rd%%ﬁe , %69003 “&F‘i 911% er%ée (10 nL) was added to the
Schl enk tube. THentsdimhaamkofthubmvevdien hragpsfveterimgraved effiSeidydnksolarne and t he

reaction mx re \@%agp{soeﬁectrlcit¥8ontvgrfor 12 h. The solvent was renoved under

¢ sused ion . ;
vacuum and the Was  ex Wi th pentane. Filtration and sol vent

renoval under rédm@ﬁﬂembcelssmmgaacﬂﬁmeﬂeﬁthis cﬂsot]ps(uﬁls é’/l)etﬁbjuamionrdaﬁg@-red oi | .
El ement al anal ysi,s 4 4. 57 7.63. NWR
(16 0. 04 (Besvitgi 6fS osfod en chine Gy5 b s 1oyl ety W1 3y 1. 06
(br s, 6 H, padhl2)with3a Ih?er(olﬁrfoﬁexaﬁipld cadilz)m s(lﬂ@&&adhﬁurﬁ@elérﬁﬁle, ci’cﬂmﬁﬁi (s); 36.37
(br s) 37.3 eTGAfo this |y i C rsor owed a
transition tﬁﬁ‘tﬂ fﬁlﬂ‘)gf ulfidegipg iclon SOrCZ,mCHaﬁ‘i“H herﬁbg‘ffg?r ‘l‘yeé’fna& but 200 C, and
ending at alQidbnt268 1aGer om@gs{mgs@ NigTe, IHgg Hg@d’lﬂgﬂ“b Qﬁ(lNV\mEP ABAL%IEW W) , as
conpar ed to a theoretical yield for th e formil.a Cu(0.3 I'n, 0.7 Ga)SeZ of 44%

(W w) . ThusS a}ﬂ HéPTEaAs KM dnNhEE, @ﬁ?sln%l%ﬁ%?blﬁat‘ﬁ%@ﬁrre%r can be used to

prepare C GS | aygtstadehiaBER! 4 @8 cclRBENE IRBrYREdn AT ufctkANRABENT tO
prepare ot her sem conduct or 1?&/ers crystal s, and materials. 10 EXAMPLE 12

A pol ynb5r| ety @sror oy siaskedd srgllse he f or mul a { Cu( Set Bu) ( SenBu) (0. 5
In 0.5 Ga) (SenBulZhoWa: SY. DEShASH WSbO gl Bl oM PG REQEEGEe. 1510 an

i nert at nosphere gl ovebox, | e e was charged wth In(SenBu)3 (0.52
g, 1.0 nmol 30, ageleceote Byyl?ﬂﬂgtma@or@er laye® 3faraol ipdova lsler@9setdRurangpag@t g, 2. 0

mmol ). Tol y lﬁ@uc@&%l %&(T S@dfiﬁe élBQﬁrtehﬁ) eqﬂé‘talt qu:‘lc éli%‘:s‘ é%gljaﬁ"lw( tube was

transferre to a I ne an ereatlonni was heated at 80 C
for 12 h. ThHe dolvéntyend8 carebramsalybdedemn- qoetdunu@dam e"ébaﬂbeorhﬂda}teh@ pr oduct

was ext ﬁ@Ctﬁg bt i &fpag?lég rz%:l | tlﬁ(%[ | 191 erqlla ma %l \éecgﬁqmlu quf%le 1ad @per reduced
pressure af rded ((?38'8 an’ or ange- red Y
The transparent conductlve layer 50 can be an 1nd1um tin oxide layer or a doped zinc
oxide layer.
A solar cell device of this disclosure may have a substrate, an electrode layer,
an absorber layer, a window layer, an adhesion promoting layer, a junction partner
25 layer, a transparent layer, a transparent electrode layer, a transparent conductive oxide
layer, a transparent conductive polymer layer, a doped conductive polymer layer, an
encapsulating layer, an anti-reflective layer, a protective layer, or a protective polymer
layer. In certain variations, an absorber layer includes a plurality of absorber layers.
In certain variations, solar cells may be made by processes using polymeric
30  precursor compounds and compositions of this invention that advantageously avoid
additional sulfurization or selenization steps.
In certain variations, a solar cell device may have a molybdenum-containing

layer, or an interfacial molybdenum-containing layer.
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El emrental analysis: C 22.07, H 4.05, Cu, 10.2, In, 7.95 Ga, 5.39. NWR
(1H) 0.93 (br s, 9 H CH3); 1.5 (br s, 6 H CH2); 1.88 (s, 9 H tBu); 1.96
(br s, 6 Wp20H2N17238. 13 (br s, 6H, CH2); (13C) 13.92 (s)PC2RISZeN0($4055 36. 11
(br s); 37.31 (br s). 25The TGA for this polyneric precursor showed a
transition begi nning at about 90 C, and ending at about 233 C. The yield
for the transition was 46.9% (ww), as conpared to a theoretical yield for
the formula Cu(GxampRs Of épr%%tﬁ%%o%e{lﬂrcﬁuf‘é §1Wéd@mb@?§%uty¥ﬂ?§la§{@ showed t hat
this polymeric precursor can be used to prepare C layers and material s,
and can be %@é@lea@w&a@moﬁ?@ﬁpn@@aﬁ?f@&ﬂf@%t her sem conduct or 30l ayers,
crystals, and B n BHANRISE, I iBIcRBL IR Whien REPRUEABd iEploRSent ed by
the forml a {Cu SetB SenBu) (0. .3 &) (Sel Bu)21 was synthesized

usi ng the fﬂlele(bwrﬂ@ﬂm@@@d@ﬁethlslfml an |nert at nosphere gl ovebox, a Schl enk

t ube vva charge . P’g@j o e 3 (0.23 g,
0.49 and@%‘%@%@%ﬁ@&%@k‘hﬁc@&%@&n )n?ad%;g u r?)ém?%l(l??ﬂgﬁﬁggs t hen added
to t he Schl @nﬂposm@econﬂ'dnanwmbmcle&m@ msttatnfemllcreah@maeppaeﬁicwsaaabSChI enk

l I ne and the c[e ng‘;[ N errqc recursor CO [§) C{S Ogthls t10n RlSOl2 p'CeSTQSe SOl vent was
renmoved under ssure an&) the s extracred™owit h

pent ane. Fiano@riiches camtie media/c&rfbrnfeérfmm\bvnhmmigmemcqﬂmmdr pcrrepmuaiﬂnaf forded

0.98 g (83 9 of ,an or.ange- EIe nt al S 25 23, H,
2 56, . afsbusteg s SHRRE R8s Retanggapcles e T NeBen B RSine gy 23 45
(br s, & H thEhplication@Bhéas or Shetdy. t Bu); 1. 93 (br s, 6 H CH2); 3 12 (br s, 6

H, CH2): (13C) 13.88 (s 6 br 37.77 (br 15/ n Fig.
14 is shown thejhl’ﬁ%n? Wgotdﬂ?eéltﬁ\/%ﬁ(ag%ﬂf%&yfercm%}' l%pcfg%rg S frony-pan mdg%owed a

transiti on QeehREAdGtoRhadp@utleddbickhavandetP@bditd 8k a dltRKhte 24D C. The yiel d
for the transition was 49.3% (w w), as conpared to a theoretical yield for

t he fornul a*ué‘ff(me“?yl“iarnﬁo@eéz?)’ &% OpENCATY. 505 (W w) . Thus, the TGA showed t hat

this polyneric Qﬁ@&ﬂéé%odﬁ%téoctmgfinf)mwoﬁ@i@a@w@&é%ﬁaazw&fan nfmaterials,
and can be used as a 20conponént to prepare other sem conductor |ayers,

crystal 55 asvadysiardsicnaduffentayan) ap-tyac abspehey/laegri 2 geceedd lavar. 4d8r esent ed by
the formul asuﬁ%ﬂ%(@%h@%ﬁs%@%%oﬁ@ue?@ 1dy3r BaBe £RdpRABL Rihc RS xRN hesi zed

using the foll ow ng procedure In“an 1'nert atnosphere gl ovebox, a Schl enk
tube was ch@gbdayai tuah bngd Bad oy Byqroorzoicgxide layehgapky WlttsablsemmB@)B (0.24 g,

0.5 I dded t
Dhe Sant ot SRR e of o oZ1dd 1470 by ol L ERGr abea Tl MR N BTed O
the reacti oam m'hxmLJmeJXWaéamea)t edindtun8d @idednyet doped Withdlwohe evhile Wigs r enoved
under rf‘dj UCb %P fag?rscgnﬁ 9&%91115 ulPlglcp coi}’j gadm uceﬁ%‘l&e a%%t rem%t*wt? %glgnt ane.

Filtration an removal under re Fessur 1.24 g (85
% of an oraidpe-The@-tgpd absorber layer can be a CIGS layer, and the electrode layer can be

molybdenum. The transparent conductor layer can be up to about 0.5 micrometers in
thickness. The buffer layer can also be a cadmium sulfide n-type junction partner
layer. In some embodiments, the buffer layer may be a silicon dioxide, an aluminum
25  oxide, a titanium dioxide, or a boron oxide.
Some examples of transparent conductive oxides are given in K. Ellmer ct al.,
Transparent Conductive Zinc Oxide, Vol. 104, Springer Series in Materials Science
(2008).
In some aspects, a solar cell can include a molybdenum selenide interface
30  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.
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
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El emrental analysis: C 25.26, H 4.68, Cu, 9.66, In, 11.5 Ga, 2.66. NWR
(1H) 0.92 (br s, 9 H CH3); 1.48 (br s, 6 H CH2); 1.87 (br s, 9 H tBu);
1.95 (br wo2611H1723612) ; 3.13 (br s, 6 H CH2); (13C) 13. 8eT(Usp010284059 ( br
s); 36.89 (br s); 37.88 (br s). 5In Fig. 15 is shown the TGA for this MPP
pol ynmeric precursor. The TGA showed a transition beginning at about 100 C,
havi ng a m dpoi nt at about 200 C, and ending at about 240 C. The yield for
the transitiQ ftd &Jm(é@éérél RO UNARE £6hrd 1&1@&{%1 yoehd for the
formul a Cu(O. ?rSaWI@CfIO 5 eZe(S) Arf5 7/0% %r)ﬁpﬁoﬁr 1 a%q’él&,eshomed t hat
this pol yrrearnr 1eerbrté@enh§r9r T@aﬁprhsepxr@lws 1yt Hrepaean :rabra@l@lqbaly@r,s and
Tayers. oryarar b dele e A B R [P BRI AL ot

r epr esent edTlmppta&@oated srbbteate can b{e@ef(tsbatausmrséﬁm)or 60 2bput@5 £C@) ( SenBu) 2}
was synthes S n inert

at m)sphesre Agbl%gt%ésgogqgaﬁ @%Fﬂrdk%%%e;e% %gggégthmﬁ %ggll Bu)3 (0.94 g,
1. ? mml%loﬁ%i(fellm@@l?:ﬁrbéﬂla@@ﬁgg, 0.2 rrm)lh})1 and g:uSet Eu (Sohl4 gi( t2 8 mol ) .
Tol uene Wes execln (e at in m a?erl? ?ovoltallél ag orberF erCca %n ube Was
transferredtoagoclﬁ i'ne an BETTOn M XCUre Wels “héated at 80 C
for 12 h. ZﬁadErwm@«hd/regwp&l@ﬁlemepme@ruﬂtd;dr1c}r1ecﬂiuelediwp1ha$)945rrmcﬂ>|nd t he product
was extract enta Fil tratiqn and.spl vent renova n reduced

P essur o af Fisatd O ahg s by i by BRRHEL UG Rt o

anal ysi 50 G;sn%&.@ﬁmakﬂmg‘hnﬁ%a@dyebb@ itbinert Brgoﬂ.émﬁ)splﬁﬁ: ”[lle@ﬁastrNNBan(lH) 0.92

(br s, 9 H 195(brs 6
H 25CH2): Qi)croﬁﬁedgmhgh%ﬁyéﬁé‘f Pfe@&@%))mié? Ckn@é%o%%’ ©3 36.91 (br
s); 37.83 (Ihrcro%)s The substii€cah Gordnived Hﬂcﬁhe@féhﬁf@ﬂeh@elﬁfuﬁ@dﬂfw ab%htOWEd a

transition beginning at about 115 C, having poi nt at_ about 200 C, and

endi ng at aBBUE to2BOUEO00rH ainyan dnct Atigpsphgre. t%lrratrrsrrrt)rhﬁﬂlg\mlni@mgnﬁotf(rw} W), as

conpar ed t ohRtIVIRAE MsbRs laydrel d for the fornula Cu(0.9 In, 0.1 Ga)Se2 of
46. 2% (W w). Thus, the TGA showed that this polyneric 30 precursor can be
used t olr epar e lCfuser expaples grilinfimandtesial phoeyelaig absoeben smer cas b conponent

to prepare giN&f SEAGODHNGREtc 151@641%0? mk%lMcih@h ere?%’th .zt?rdn@lloﬁ EXAMPLE 16

A pol yneric precursor fepresented by t formul a 85( Set Bu) o
85( SenBu) (| ftitsT., GadP) pSeanBilier 1Theask syn bmrsntcsz@tm pelgethenciterieplshlatey

Bt 1 n( SerbbfhS bR R IE! o0y BAMne BuLER A g gy har B¢
CuSet Bu (0. (Bhtogﬁ mllcro‘/hsmhrd{n)ess cFobedepesicl@nrtho) subeisitca ddhe dubsTite c8ctd enk t ube was
transf e% ed eﬁlgvéj}jl a%ﬁtﬂl at a:tgrl%?‘ﬂléreto? & Om%gg atoy dﬂrﬂo 'aEbLolute6OWaé gr?]ﬁlglq at 80 C

for The ~$0 er reduce réssure and € product
was ext ractzeniowhel’re qhembﬁpreducmg d that filmmaterchl gh)dtme)ﬂtmc]aﬁsrowmiaabr under reduced
pressure afford . 9 range enent al

el ysi o . os g pdabies o P bafia B ARECHE S Bz an steguroaspfIS 1Ty o 04
(br s, 9 H, afdtiZxhyldne defhittaldie substhite. Giddhin filln Sidtefis], phStokbltaidBibyorbdr. 97 (br s, 6
H, CHZ) 3.13 (br own the TGA for this NPP

pol yneric pP¥e ?"slﬁﬁcoat?ﬂém?g ‘zl%cérﬂ%‘?/\}&ﬁeqés %‘Fsé‘ﬁl%‘?dtag@f? BEYIMAY Y Cat* about 110

C, havirg addcfpdicmbntadthcalBber 188r. G\ transparent conductive oxide layer can be
deposited onto the window layer, thereby forming an embodiment of a solar cell.
Methods for making a photovoltaic absorber layer on a substrate include

providing one or more polymeric precursor compounds, providing a substrate,
spraying the compounds onto the substrate, and heating the substrate at a temperature

30  of from about 100 °C to about 600 °C, or 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 spraying can be done in spray coating, spray
deposition, jet deposition, or spray pyrolysis. The substrate may be glass, metal,

polymer, plastic, or silicon.

71



and ending at about 230 C. The yield for the transition was 46.4% (w w), as
conpared to a theoretical yield for the formula (0.85 Cu)(0.7 In,0.3 (RA)Se2
of 46. 1%Wa/20d1/01T836s, the TGA showed that this pol ynmeri eCprsecunsestan be
used to prepare Cu(ln,Ga)Se2 |ayers and materials, and can be used as a
conponent to prepare other 20sem conductor |ayers, crystals, and materials.
EXAMPLE 17 A range of polyneric nol ecul ar precursors shown in Table 2
were synthesi zeethle@h@tevdn@@raﬁos&w@a%@hﬁa& FAROMShDE Jrenil H'i@cl&faté Iﬁw ng general
procedure. A Schlenk tube was char in"an inert atnosphere gl ovebox with
MB( ER) 3 andha@aelER)lplrmal§@W@r@ux(125&€am(§aasleg)w,tvmecﬁe?h@ figim (bgﬁ)z(b%y ivas t hen
added. The gehhank tae lm&nbrs@eqfﬁﬁrﬂlé@s%ﬁ@ﬁﬂam if 61 140 obhe reacti on
m xture was stirred at 25 In some cases e reaction mxture
was stirr edT@tphal@@Qﬂtm@@sqrberdﬁyeuplaﬂeobﬂlee methpﬁeofsrbllsvlénlpsmglav basved under

reduced gre {1&1 filt ufanmﬂLe ng.ul‘o{‘%ﬁ 1RX$,. 8688 eg(hs 981%38’(}‘3&9;5“% pentane

extract was tere vent s re under ressure to
afford a Susﬁelle)% tod.Opet isdm@ anigengpwodiiern 1. Kﬁhé mrmhmkiornmw from bei ng
an oil, FO tal gbs rberElg e!r%fln }nglu?eaa?p gfsu&unza’u nor %rsnzgtf 90% or great er
wer e typi cdl aabf vi 3é\rrp es neri c o pr ecur sors

Pol yneric I\/bI ec Uh a¢rtalfr eciatieny mmhbcﬁrfmalhak‘ﬁag :gﬁioto'l(@%awalslod)e%a?anmt %
Culol Lo st A, L. SRS 46,6 48 IOU ApseCea iR 0
10  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
temperature of from about 100 °C to about 600 °C, or from about 100 °C to about

15 400 °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 deposition, solution deposition, layer-by-
layer deposition, spin casting, or solution casting. The substrate may be glass, metal,

20 polymer, plastic, or silicon.

Methods for making a photovoltaic absorber layer on a substrate include
providing one or more polymeric precursor inks, providing a substrate, printing the
inks onto the substrate, and heating the substrate at a temperature of from about
100 °C to about 600 °C in an inert atmosphere, thereby producing a photovoltaic

25  absorber layer having a thickness of from 0.001 to 100 micrometers. The printing can
be done in screen printing, inkjet printing, transfer printing, flexographic printing, or
gravure printing. The substrate may be glass, metal, polymer, plastic, or silicon. The
method may further include adding to the ink an additional indium-containing
compound, such as In(SeR)s, wherein R is alkyl or aryl.

30  Electrical power generation and transmission

This disclosure contemplates methods for producing and delivering electrical
power. A photovoltaic device of this invention can be used, for example, to convert

solar light to electricity which can be provided to a commercial power grid.

72



45.2 45.9 [C111. 01 110. 7Gao. 3(SesB1) 4] n CUL. 0110. 7Ga0. 3Se2 46.0 45.5

[ Cui . ol naoGao. 4( SesBu) 4] n CUL. Ol no. 6Gao. 4Se2 49.0 45.2

[ C111. Ol WO0.26Ga0 786 SesB1) 4] n CUL. Ol | 10. 5Ga0. 5Se2 45. 8 42C3/US2010/044055

[ C111. 01 110. 3Gao. 7(SesB1) 4] n CUL. Ol 110. 3Ga0. 7Se2 48.9 44.1

[ CuLol nai Ga0. 9( SesB1) 4] n CU1. 0l n0. 1Ga0. 9Se2 49.0 43.4 [CuLoGai.o(SesBu)4]n
CuloGal. 0Se2 44.0

As used herein, the term “solar cell” refers to individual solar cell as well as a
solar cell array, which can combine a number of solar cells.
The solar cell devices of this disclosure can have improved reliability. Solar
cell devices can be manufactured in modular panels.
5 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
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

10  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
electrically connected in series and in parallel to provide suitable voltage and current
characteristics.

15 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.

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 voltage-regulating circuit to

20  prevent the battery storage system from draining through the solar cells or from being
overcharged.

A power system can be used to provide power for lighting, electric vehicles,
electric buses, electric airplanes, pumping water, desalinization of water, refrigeration,
milling, manufacturing, and other uses.

25  Sources of elements

Sources of copper include copper metal, Cu(I), Cu(Il), copper halides, copper
chlorides, copper acetates, copper alkoxides, copper alkyls, copper diketonates,
copper 2,2,6,6,-tetramethyl-3,5,-heptanedionate, copper 2,4-pentancdionate, copper
hexafluoroacetylacetonate, copper acetylacetonate, copper dimethylaminoethoxide,

30  copper ketoesters, and mixtures thereof.

Sources of indium include indium metal, trialkylindium,

trisdialkylamineindium, indium halides, indium chlorides, dimethylindium chlorides,

trimethylindium, indium acetylacetonates, indium hexafluoropentanedionates, indium
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43.0 [C110. 85I no. 7Gao. 3(SesB1) 3.85]1 C110.851110. 7Ga0. 3Se2 46.7 46.1

[ Cuo. 901 no. 7Gao. 3(SesB1) 3. 90] n C110. 901 110. 7Ga0. 3Se2 47.8 45.9

[ Cuo. 951 wO2GHM3B3BesBu) 3. 95] 1 Cu0. 951 110. 7Ga0. 35e2 47. 2C£A81S2010/044055

[ CuLol ni . o(SenHex)4]1 Cul. 0l 111. 05e2 38.3 40.3 [Cui.olna9Gao.i (SenHex) 4] 1
Cul. 01 110.9Ga0.1Se2 42.8 40.0 [Cui .0l 110. 7Gao. 3(Sentl eX) 4] 1

CU101 | 10. 7Ga0. 35e2 39.5 39.3

methoxyethoxides, indium methyltrimethylacetylacetates, indium
trifluoropentanedionates, and mixtures thereof.

Sources of gallium include gallium metal, trialkylgallium, trisdialkylamine
gallium, gallium halides, gallium fluorides, gallium chlorides, gallium iodides,

5 diethylgallium chlorides, gallium acetate, gallium 2,4-pentanedionate, gallium
cthoxide, gallium 2,2,6,6,-tetramethylheptanedionate, trisdimethylaminogallium, and
mixtures thereof.

Some sources of gallium and indium are described in International Patent
Publication No. WO2008057119.

10  Additional sulfurization or selenization

In various processes of this disclosure, a composition or material may
optionally be subjected to a step of sulfurization or selenization.

Sulfurization with H,S or selenization with H,Se may be carried out by using
pure H,S or H,Se, respectively, or may be done by dilution in hydrogen or in

15  nitrogen. Selenization can also be carried out with Se vapor, or other source of
elemental selenium.

A sulfurization or selenization step can be done at any temperature from about
200 °C to about 600 °C, or at temperatures below 200 °C. One or more steps of
sulfurization and selenization may be performed concurrently, or sequentially.

20 Examples of sulfurizing agents include hydrogen sulfide, hydrogen sulfide
diluted with hydrogen, elemental sulfur, sulfur powder, carbon disulfide, alkyl
polysulfides, dimethyl sulfide, dimethyl disulfide, and mixtures thereof.

Examples of selenizing agents include hydrogen selenide, hydrogen selenide
diluted with hydrogen, elemental selenium, selenium powder, carbon diselenide, alkyl

25  polyselenides, dimethyl selenide, dimethyl diselenide, and mixtures thereof.

A sulfurization or selenization step can also be done with co-deposition of
another metal such as copper, indium, or gallium.

Chemical definitions

As used herein, the term (X,Y) when referring to compounds or atoms
30  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
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
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[ Cui .ol no. 5Ga0. 5(Sent | eX) 4] 1 CU10I 1 10. 5Ga0. 55e2 37.9 38.6

[ Cui.oi 110. 3Gao. 7(Sentl eX) 4] 1 CU10l n0. 3Ga0. 75e2 38.0 37.9

[ CuLoGai .w0Senax)34] 1 Cui.oGai.oSe2 38.3 36.9 PCT/US2010/044055

[ C110. 851 no. 7Gao. 3( SenHeX) 3. 85] 1 C110. 851110. 7Ga0. 35e2 40.7 39.8

[ C110. 901 no. 7Ga0. 3(Sel' HeX) 3.90] 1 C110. 90l 110. 7Ga0. 3Se2 40.3 39.6

[ Cui.olni.o(SenBu)4]n CUL OML. 0Se2 47.2 46.5 [ CuLol no. 7Ga0. 3(SenBl11)4]1

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
approximately equal amounts of X and Y.

5 The atoms S, Se, and Te of Group 16 are referred to as chalcogens.

As used herein, the letter “S” in CIGS refers to sulfur or selenium or both.
The letter “C” in CIGS refers to copper. The letter “I” in CIGS refers to indium. The
letter “G” in CIGS refers to gallium.

As used herein, the term CIGS includes the variations C(I,G)S and CIS, as

10  well as CGS, unless described otherwise.

As used herein, the term CIGS includes the terms CIGSSe and CIGSe, and
these terms refer to compounds or materials containing
copper/indium/gallium/sulfur/selenium, which may contain sulfur or selenium or
both.

15 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
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

20  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
carbon atoms. As used herein, the term “C(1-5)alkyl” includes C(1)alkyl, C(2)alkyl,
C(3)alkyl, C(4)alkyl, and C(5)alkyl. Likewise, the term “C(3-22)alkyl” includes

25  C(1)alkyl, C(2)alkyl, C(3)alkyl, C(4)alkyl, C(5)alkyl, C(6)alkyl, C(7)alkyl, C(8)alkyl,
C(9)alkyl, C(10)alkyl, C(11)alkyl, C(12)alkyl, C(13)alkyl, C(14)alkyl, C(15)alkyl,
C(16)alkyl, C(17)alkyl, C(18)alkyl, C(19)alkyl, C(20)alkyl, C(21)alkyl, and
C(22)alkyl.

The term "alkenyl" as used herein refers to an unsaturated, branched or

30  unbranched, substituted or unsubstituted alkyl or cycloalkyl having 2 to 22 carbon
atoms and at least one carbon-carbon double bond. The term "alkynyl" as used herein
refers to an unsaturated, branched or unbranched, substituted or unsubstituted alkyl or

cycloalkyl having 2 to 22 carbon atoms and at least one carbon-carbon triple bond.
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CU101 1 10. 7Ga0. 35e2 43.8 45.5 [CuLoGai . o(SenBu)4]n Cui.oGai.oSe2 43.8 43.0
[ CuLol ni.o(SenBu)3(SetBu)]n Cui.olni.oSe2 48.8 46.6

[ Cui . ol nowBCGan/i1(8BenBu) 3( Set Bu) ] n CUL. 0l 110. 9Ga0. 1Se2 49C3/USB018/044055

[ Cui . ol no. 75Gao. 25( SenBu) 3( Set Bu) ] n Cul. 0l n0. 75Ga0. 255e2 47.3 45.7

[ Cui .ol no. 7Ga0. 3(SenBU) 3(SetBil )] n CUL. 0110. 7Ga0. 35e2 49.3 45.5

[ Cui . ol nabGao. 5(SenBU) 3(SetBil )] n CUL. 0l 110. 5Ga0. 55e2

The term "alkoxy" as used herein refers to an alkyl, cycloalkyl, alkenyl, or
alkynyl group covalently bonded to an oxygen atom. The term "alkanoyl" as used
herein refers to -C(=0)-alkyl, which may alternatively be referred to as "acyl." The
term "alkanoyloxy" as used herein refers to —O-C(=0)-alkyl groups. The term

5 "alkylamino" as used herein refers to the group -NRR', where R and R’ are each either
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'.

The term "aryl" as used herein refers to any stable monocyclic, bicyclic, or

10 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
substituted or unsubstituted.

15 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
examples of a heteroaryl include acridinyl, quinoxalinyl, pyrazolyl, indolyl,

20 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.

The term "heterocycle" or "heterocyclyl” as used herein refers to an aromatic

25  or nonaromatic ring system of from five to twenty-two atoms, wherein from 1 to 4 of
the ring atoms are heteroatoms selected from oxygen, nitrogen, and sulfur.
Phosphorous and selenium may be a heteroatom. Thus, a heterocycle may be a
heteroaryl or a dihydro or tetrathydro version thereof.

The term "aroyl" as used herein refers to an aryl radical derived from an

30  aromatic carboxylic acid, such as a substituted benzoic acid. The term "aralkyl" as
used herein refers to an aryl group bonded to an alkyl group, for example, a benzyl
group.

The term "carboxyl" as used herein represents a group of the formula —

C(=0)OH or -C(=0)O". The terms "carbonyl" and “acyl” as used herein refer to a
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group in which an oxygen atom is double-bonded to a carbon atom >C=0. The term
"hydroxyl" as used herein refers to -OH or -O”. The term "nitrile" or "cyano" as used
herein refers to —CN. The term "halogen" or "halo" refers to fluoro (-F), chloro (—Cl),
bromo (-Br), and iodo (-I).

5 The term "substituted" as used herein refers to an atom having one or more
substitutions or substituents which can be the same or different and may include a
hydrogen substituent. Thus, the terms alkyl, cycloalkyl, alkenyl, alkynyl, alkoxy,
alkanoyl, alkanoyloxy, alkylamino, alkylaminoalkyl, aryl, heteroaryl, heterocycle,
aroyl, and aralkyl as used herein refer to groups which include substituted variations.

10 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,
alkylamino, alkylaminoalkyl, aryl, heteroaryl, heterocycle, aroyl, aralkyl, acyl,

15  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,CH3, -CHFCH3, -CF,CH3,
-CHFCH,F, -CHFCHF,, -CHFCF3, -CF,CH,F, -CF,CHF,, -CF,CF3, and other
variations as described above. In general, a substituent may itself be further

20  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,
selenoacetate, selenoformate, alkoxyl, phosphoryl, phosphonate, phosphinate, amino,

25  amido, amidine, imino, cyano, nitro, azido, carbamato, sulthydryl, alkylthio, sulfate,
sulfonate, sulfamoyl, sulfonamido, sulfonyl, silyl, heterocyclyl, aryl, aralkyl,
aromatic, and heteroaryl.

It will be understood that "substitution" or "substituted with" refers to such
substitution that is in accordance with permitted valence of the substituted atom and

30  the substituent. As used herein, the term "substituted” includes all permissible
substituents.

In general, a compound may contain one or more chiral centers. Compounds
containing one or more chiral centers may include those described as an "isomer," a

"stereoisomer,"” a "diastereomer,” an "enantiomer,” an "optical isomer," or as a
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"racemic mixture." Conventions for stereochemical nomenclature, for example the
stereoisomer naming rules of Cahn, Ingold and Prelog, as well as methods for the
determination of stereochemistry and the separation of stereoisomers are known in the
art. See, for example, Michael B. Smith and Jerry March, March’s Advanced Organic
Chemistry, 5th edition, 2001. The compounds and structures of this disclosure are
meant to encompass all possible isomers, stereoisomers, diastereomers, enantiomers,
and/or optical isomers that would be understood to exist for the specified compound
or structure, including any mixture, racemic or otherwise, thereof.

This invention encompasses any and all tautomeric, solvated or unsolvated,
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.

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,
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
modifications and equivalents thereof. In particular, this invention includes any
combination of the features, terms, or elements of the various illustrative components
and examples.

The use herein of the terms "a," "an,"” "the" and similar terms in describing the
invention, and in the claims, are to be construed to include both the singular and the
plural.

" o<

include,

R M

The terms "comprising," "having, including" and "containing" are

to be construed as open-ended terms which mean, for example, "including, but not

" o<

include,

EE L M

limited to." Thus, terms such as "comprising," "havin including" and
2 > >

"containing" are to be construed as being inclusive, not exclusive.
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TGA Yield % Target % [ Cui. Ol nl. O(Se(2- Et HeOzdn Culol ni.0Se2 35.9 35.5
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Recitation of a range of values herein refers individually to each and any
separate value falling within the range as if it were individually recited herein,
whether or not some of the values within the range are expressly recited. For
example, the range "4 to 12" includes without limitation any whole, integer,

5 fractional, or rational value greater than or equal to 4 and less than or equal to 12, as
would be understood by those skilled in the art. Specific values employed herein will
be understood as exemplary and not to limit the scope of the invention.

Recitation of a range of a number of atoms herein refers individually to each
and any separate value falling within the range as if it were individually recited

10 herein, whether or not some of the values within the range are expressly recited. For
example, the term "C1-8" includes without limitation the species C1, C2, C3, C4, C5,
C6, C7, and C8.
Definitions of technical terms provided herein should be construed to include
without recitation those meanings associated with these terms known to those skilled
15  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

20 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
that mixtures of the listed compounds, molecules or compositions may also be

25  suitable.

EXAMPLES

Thermogravimetric analysis (TGA) was performed using a Q50
Thermogravimetric Analyzer (TA Instruments, New Castle, Del.). NMR data were

30  recorded using a Varian 400 MHz spectrometer.
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EXAMPLE 1

Polymeric precursor compounds

A polymeric precursor represented by the formula {Cu(Se***Bu)4In} was
synthesized using the following procedure.

5 To a stirred solution of In(Se**“Bu)s (2.60 g, 5 mmol) in benzene (10 mL)
under inert atmosphere was added solid CuSe™Bu (1.0 g, 5 mmol). The mixture was
stirred at 25 °C for 12 h to produce a pale yellow solution. The solvent was removed
from the reaction mixture under reduced pressure leaving a sticky yellow oil. The oil
was dissolved in pentane and filtered. Solvent removal from the filtrate under

10 reduced pressure yielded 3.1 g (86%).
NMR: (1H; C6D6) 0.99 (br, 12H), 1.70 (br d, 12H), 1.81 (m, 4H), 2.02 (br m,
4H), 3.67 (br, 4H).
In Fig. 8 is shown the TGA for this MPP polymeric precursor. The TGA
showed a transition beginning at about 190 °C, having a midpoint at about 210 °C,
15  and ending at about 230 °C. The yield for the transition was 46.6% (w/w), as
compared to a theoretical yield for the formula CulnSe, of 46.5% (w/w). Thus, the
TGA showed that this polymeric precursor can be used to prepare CulnSe, layers and
materials, and can be used as a component to prepare other semiconductor layers,

crystals, and materials.
20 EXAMPLE 2

A polymeric precursor represented by the formula {Cu(Se*™*“Bu)4Ga} was
synthesized using the following procedure.
To a stirred solution of Ga(Se*“Bu); (1.20 g, 2.5 mmol) in benzene (10 mL)
under inert atmosphere was added solid CuSe™“Bu (0.51 g, 2.5 mmol). The mixture
25  was stirred at 25 °C for 2 h to produce a pale yellow solution. The solvent was
removed from the reaction mixture under reduced pressure leaving a sticky yellow oil.
The oil was dissolved in pentane and filtered. Solvent removal from the filtrate under
reduced pressure yielded 1.50 g (89%).
NMR: (1H; CDCls) 0.98 (t, 12H), 1.58 (br, 12H), 1.74 (br, 4H), 1.96 (br, 4H),
30 3.44 (br, 4H).
In Fig. 9 is shown the TGA for this MPP polymeric precursor. The TGA
showed a transition beginning at about 100 °C and ending at about 240 °C. The yield
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at 218 °C, ending at 225 °C. The yield for the transition was 46% (w/w), as compared

to a theoretical yield for the formula CulnS, of 45% (w/w). Thus, the TGA showed

that this polymeric precursor can be used to prepare CulnS, layers and materials, and

can be used as a component to prepare other semiconductor layers, crystals, and

20  materials.
EXAMPLE 4

A polymeric precursor represented by the formula
{Cu(Se'Bu)(Se"Bu)In(Se"Bu),} was synthesized using the following procedure.
In an inert atmosphere glovebox, a Schlenk tube was charged with 2.0 g (3.8
25  mmol) of In(Se"Bu); and 0.76 g (3.8 mmol) of CuSe'Bu. Benzene (10 mL) was then
added to the Schlenk tube. The Schlenk tube was then transferred to a Schlenk line
and the reaction mixture was heated for 12 h at 70 °C. The solvent was removed
under reduced pressure and the crude product was extracted with pentane, resulting in
an orange pentane solution. The solution was concentrated and stored at -60 °C for 12
30 hresulting in formation of a solid coating the flask walls. The filtrate was decanted

and the solid was dried under reduced pressure leading for formation of a low melting
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solid (foam-like). Upon mild heating with a heat gun, an orange oil was formed and
isolated (1.4 g, 51%). The solvent from the filtrate was removed under vacuum
leaving an additional quantity of orange oil that was isolated (0.28 g, 10%).

In Fig. 10 is shown the TGA for this MPP polymeric precursor. The TGA

5 showed a transition beginning at about 140 °C, having a midpoint at about 195 °C,
and ending at about 245 °C. The yield for the transition was 48.8% (w/w), as
compared to a theoretical yield for the formula CulnSe, of 46.6% (w/w). Thus, the
TGA showed that this polymeric precursor can be used to prepare CulnSe, layers and
materials, and can be used as a component to prepare other semiconductor layers,
10 crystals, and materials.

Elemental analysis: C, 25.21, H, 4.83, Cu, 12.28, In, 16.25, S, 44.08. NMR:
(1H)0.91 (t, ] =7.2 Hz, 9 H); 1.41 (m, 6 H); 1.69 (s, 9 H); 1.75 (m, 6 H); 2.84 (brs, 6
H).

15 EXAMPLE 5

A polymeric precursor represented by the formula {Cugos(Se'Bu)s.osGa} was
synthesized using the following procedure.

In an inert atmosphere glovebox, toluene (ca. 15 mL) was added to a mixture
of CuSe'Bu (0.40 g, 2.0 mmol) and Ga(Se'Bu)3 (1.0 g, 2.1 mmol) in a Schlenk tube.

20 The Schlenk tube was then transferred to a Schlenk line and the reaction mixture was
heated at 105 °C for 12 h, resulting in formation of a pale yellow precipitate. The
reaction mixture was filtered hot and the solid residue was washed with hot toluene (3
x 15 mL, ca. 100 °C). Subsequent drying under reduced pressure afforded 1.0 g of
pale yellow solid (74%).

25 In Fig. 11 is shown the TGA for this MPP polymeric precursor. The TGA
showed a transition beginning at about 120 °C, having a midpoint at about 150 °C,
and ending at about 175 °C. The yield for the transition was 46.9% (w/w), as
compared to a theoretical yield for the formula CugosGaSe; of 43.1% (w/w). Thus,
the TGA showed that this polymeric precursor can be used to prepare CuGaSe, layers

30  and materials, and can be used as a component to prepare other semiconductor layers,

crystals, and materials.
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EXAMPLE 6

A polymeric precursor represented by the formula {Cu(S'Bu)(SEt)Ga(SEt),}
was synthesized using the following procedure.

In an inert atmosphere glovebox, benzene (ca. 15 mL) was added to a mixture
of CuS'Bu (0.60 g, 3.95 mmol) and Ga(SEt); (1.0 g, 3.95 mmol) in a Schlenk tube.
The Schlenk tube was transferred to a Schlenk line and the reaction mixture was
heated at 100 °C for 12 h. The solvent was then removed under reduced pressure
leaving a pale yellow oil (1.3 g, 81%).

NMR: (1H, C¢Dg) 1.2-1.9 (multiplets, 18 H); 3.0 (m, 6 H).

The TGA for this polymeric precursor showed a transition beginning at

100 °C, with a midpoint at 150 °C, and ending at 260 °C.
EXAMPLE 7

A polymeric precursor represented by the formula {Cu(S'Bu),Ga(S'Bu),} was
synthesized using the following procedure.

In an inert atmosphere glovebox, benzene (ca. 10 mL) was added to a mixture
of CuS'Bu (0.23 g, 1.5 mmol) and Ga(SBu)s (0.50 g, 1.5 mmol) in a Schlenk tube.
The Schlenk tube was transferred to a Schlenk line and the reaction mixture was
heated at 90-95 °C for 12 h, resulting in formation of a white precipitate. The reaction
mixture was filtered hot and the white solid was washed with hot benzene (3 x 10 mL,
80 °C). After drying the solid under reduced pressure, 0.36 g of colorless solid was
isolated (55%).

Elemental analysis: C, 38.90, H, 7.23, Cu, 12.3, Ga, 12.9, S, 24.94.

The TGA for this polymeric precursor showed a transition ending at 210 °C.
The yield for the transition was 40.95% (w/w), as compared to a theoretical yield for
the formula CuGasS; 0of 40.3% (w/w). Thus, the TGA showed that this polymeric
precursor can be used to prepare CuGaS, layers and materials, and can be used as a

component to prepare other semiconductor layers, crystals, and materials.
EXAMPLE 8

A polymeric precursor represented by the formula

{Cu(Se'Bu)(Se"Bu)Ga(Se"Bu),} was synthesized using the following procedure.
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In an inert atmosphere glovebox, a Schlenk tube was charged with Ga(Se"Bu);
(0.98 g, 2.0 mmol) and CuSe'Bu (0.40 g, 2.0 mmol). Benzene (10 mL) was then
added to the Schlenk tube. The Schlenk tube was then transferred to a Schlenk line
and the reaction mixture was heated at 75 °C for 12 h. The solvent was removed
under reduced pressure and the product was extracted with pentane. Filtration and
subsequent solvent removal under reduced pressure afforded a yellow oil (1.1 g,
81%).

NMR: (1H) 0.92 (br s, 9 H, CH3); 1.49 (br s, 6 H, CH2); 1.87 (s, 9 H, tBu);
1.96 (brs, 6 H, CH2); 3.15 (br s, 6 H, CH2).

The TGA for this polymeric precursor showed a transition beginning at about
100 °C, and ending at about 250 °C. The yield for the transition was 45% (w/w), as
compared to a theoretical yield for the formula CuGaSe, of 43% (w/w). Thus, the
TGA showed that this polymeric precursor can be used to prepare CuGaSe, layers and
materials, and can be used as a component to prepare other semiconductor layers,

crystals, and materials.
EXAMPLE 9

A polymeric precursor represented by the formula
{Cu(S'Bu)»(0.75 In,0.25 Ga)(S'Bu),} was synthesized using the following procedure.

In an inert atmosphere glovebox, a Schlenk tube was charged with In(S'Bu)s
(0.29 g, 0.75 mmol), Ga(S'Bu); (0.084 g, 0.25 mmol), and CuS'Bu (0.15 g, 1.0 mmol).
Toluene was then added to the Schlenk tube (10 mL). The Schlenk tube was
transferred to a Schlenk line and heated in an oil bath at 80 °C for 12 h, resulting in
formation of a white precipitate. The reaction mixture was filtered, the remaining
solid was washed with benzene, dried under reduced pressure, and collected (0.35 g,
67%).

Elemental analysis: C, 36.67, H, 6.82, Cu, 11.9, In, 17.8, Ga, 2.93, S, 20.26.

In Fig. 12 is shown the TGA for this MPP polymeric precursor. The TGA
showed a transition beginning at about 160 °C, having a midpoint at about 227 °C,
and ending at about 235 °C. The yield for the transition was 45.3% (w/w), as
compared to a theoretical yield for the formula Cu(0.75 In,0.25 Ga)S, of 44.1%
(w/w). Thus, the TGA showed that this polymeric precursor can be used to prepare
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CIGS layers and materials, and can be used as a component to prepare other

semiconductor layers, crystals, and materials.
EXAMPLE 10

A polymeric precursor represented by the formula
5  {Cu(S'Bu)(0.9 In,0.1 Ga)(S'Bu),} was synthesized using the following procedure.
In an inert atmosphere glovebox, a Schlenk tube was charged with In(S'Bu)s
(0.34 g, 0.9 mmol), Ga(S'Bu)s (0.034 g, 0.1 mmol), and CuS'Bu (0.15 g, 1.0 mmol).
Toluene was then added to the Schlenk tube (10 mL). The Schlenk tube was
transferred to a Schlenk line and heated in an oil bath at 80 °C for 12 h, resulting in
10  formation of a white precipitate. The reaction mixture was filtered, the remaining
solid was washed with benzene, dried under reduced pressure, and collected (0.35 g,
66% yield).
Elemental analysis: C, 35.96, H, 6.31, Cu, 12.6, In, 20.0, Ga, 1.12, S, 22.12.
In Fig. 13 is shown the TGA for this MPP polymeric precursor. The TGA
15  showed a transition having a midpoint at about 220 °C, and ending at about 230 °C.
The yield for the transition was 46.2% (w/w), as compared to a theoretical yield for
the formula Cu(0.9 In,0.1 Ga)S; of 44.8% (w/w). Thus, the TGA showed that this
polymeric precursor can be used to prepare CIGS layers and materials, and can be

used as a component to prepare other semiconductor layers, crystals, and materials.
20 EXAMPLE 11

A polymeric precursor represented by the formula
{Cu(Se'Bu)(Se"Bu)(0.3 In,0.7 Ga)(Se"Bu),} was synthesized using the following
procedure.

In an inert atmosphere glovebox, a Schlenk tube was charged with In(Se"Bu);

25  (0.31 g, 0.6 mmol), Ga(Se"Bu)s (0.67 g, 1.4 mmol), and CuSe'Bu (0.40 g, 2.0 mmol).

Toluene (10 mL) was added to the Schlenk tube. The Schlenk tube was transferred to
a Schlenk line and the reaction mixture was heated at 80 °C for 12 h. The solvent was
removed under vacuum and the product was extracted with pentane. Filtration and

solvent removal under reduced pressure afforded 1.2 g (81 %) of an orange-red oil.
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Elemental analysis: C, 26.86, H, 4.74, Cu, 10.2, In, 4.57, Ga, 7.63. NMR:
(1H) 0.94 (br s, 9 H, CH3); 1.51 (br s, 6 H, CH2); 1.89 (s, 9 H, tBu); 1.96 (br s, 6 H,
CH2); 3.12 (br s, 6 H, CH2); (13C) 13.96 (s); 23.79 (s); 36.37 (brs); 37.38 (br s).

The TGA for this polymeric precursor showed a transition beginning at about
115 °C, having a midpoint at about 200 °C, and ending at about 265 °C. The yield for
the transition was 48.5% (w/w), as compared to a theoretical yield for the formula
Cu(0.3 In,0.7 Ga)Se, of 44% (w/w). Thus, the TGA showed that this polymeric
precursor can be used to prepare CIGS layers and materials, and can be used as a

component to prepare other semiconductor layers, crystals, and materials.

EXAMPLE 12

A polymeric precursor represented by the formula
{Cu(Se'Bu)(Se"Bu)(0.5 In,0.5 Ga)(Se"Bu),} was synthesized using the following
procedure.

In an inert atmosphere glovebox, a Schlenk tube was charged with In(Se"Bu);
(0.52 g, 1.0 mmol), Ga(Se"Bu); (0.49 g, 1.0 mmol), and CuSe'Bu (0.40 g, 2.0 mmol).
Toluene (10 mL) was added to the Schlenk tube. The Schlenk tube was transferred to
a Schlenk line and the reaction mixture was heated at 80 °C for 12 h. The solvent was
removed under reduced pressure and the product was extracted with pentane.
Filtration and solvent removal under reduced pressure afforded 1.26 g (86 %) of an
orange-red oil.

Elemental analysis: C, 22.07, H, 4.05, Cu, 10.2, In, 7.95, Ga, 5.39. NMR:
(1H) 0.93 (brs, 9 H, CH3); 1.5 (br s, 6 H, CH2); 1.88 (s, 9 H, tBu); 1.96 (br s, 6 H,
CH2); 3.13 (br s, 6 H, CH2); (13C) 13.92 (s); 23.74 (s); 36.11 (brs); 37.31 (br s).

The TGA for this polymeric precursor showed a transition beginning at about
90 °C, and ending at about 233 °C. The yield for the transition was 46.9% (w/w), as
compared to a theoretical yield for the formula Cu(0.5 In,0.5 Ga)Se; of 44.8% (w/w).
Thus, the TGA showed that this polymeric precursor can be used to prepare CIGS
layers and materials, and can be used as a component to prepare other semiconductor

layers, crystals, and materials.
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20% [ Cul. ol no. 1Ga0. 9(SesBu)4] 11 15 1 650 C 1 h p-xylene spin coat (10)
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[ Cul. ol no. 7Ga0. 3(SesBu)4]11 1-2 260 C, 15 min 400 C, 1 h

EXAMPLE 13

A polymeric precursor represented by the formula
{Cu(Se'Bu)(Se"Bu)(0.7 In,0.3 Ga)(Se"Bu),} was synthesized using the following
procedure.

5 In an inert atmosphere glovebox, a Schlenk tube was charged with In(Se"Bu)s
(0.60 g, 1.1 mmol), Ga(Se"Bu); (0.23 g, 0.49 mmol), and CuSe'Bu (0.32 g, 1.6
mmol). Toluene (10 mL) was then added to the Schlenk tube. The Schlenk tube was
then transferred to a Schlenk line and the reaction mixture was heated at 80 °C for 12
h. The solvent was removed under reduced pressure and the product was extracted

10 with pentane. Filtration and solvent removal under reduced pressure afforded 0.98 g
(83 %) of an orange-red oil.

Elemental analysis: C, 25.23, H, 4.56, Cu, 10.4, In, 11.3, Ga, 3.19. NMR:
(1H) 0.90 (br s, 9 H, CH3); 1.45 (brs, 6 H, CH2); 1.83 (s, 9 H, tBu); 1.93 (br s, 6 H,
CH2); 3.12 (br s, 6 H, CH2); (13C) 13.88 (s); 23.60 (s); 36.89 (brs); 37.77 (br s).

15 In Fig. 14 is shown the TGA for this MPP polymeric precursor. The TGA
showed a transition beginning at about 115 °C, and ending at about 245 °C. The yield
for the transition was 49.3% (w/w), as compared to a theoretical yield for the formula
Cu(0.7 In,0.3 Ga)Se, of 45.5% (w/w). Thus, the TGA showed that this polymeric
precursor can be used to prepare CIGS layers and materials, and can be used as a

20  component to prepare other semiconductor layers, crystals, and materials.
EXAMPLE 14

A polymeric precursor represented by the formula
{Cu(Se'Bu)(Se"Bu)(0.75 In,0.25 Ga)(Se"Bu),} was synthesized using the following
procedure.

25 In an inert atmosphere glovebox, a Schlenk tube was charged with In(Se"Bu);
(0.79 g, 1.5 mmol), Ga(Se"Bu); (0.24 g, 0.5 mmol), and CuSe'Bu (0.4 g, 2.0 mmol).
Toluene (10 mL) was then added to the Schlenk tube. The Schlenk tube was
transferred to a Schlenk line and the reaction mixture was heated at 80 °C for 12 h.
The solvent was removed under reduced pressure and the product was extracted with

30 pentane. Filtration and solvent removal under reduced pressure afforded 1.24 g (85

%) of an orange-red oil.
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THF spin coat (10) 700nm 110 260 20% [Cui .0l n1. 0(SesBu)An 15 1 400 C, 1 h
p- xyl ene spin coat (10) 700nm 110 260 20% [ Cuo. 8l no. 7Ga0. 3( SesBt ) 3. 8] 11
15 1 400 wp 2011m1p23kyl ene spin coat (10) 700nm 110 260 PCT/US2010/044055

Elemental analysis: C, 25.26, H, 4.68, Cu, 9.66, In, 11.5, Ga, 2.66. NMR:
(1H) 0.92 (br s, 9 H, CH3); 1.48 (brs, 6 H, CH2); 1.87 (br s, 9 H, tBu); 1.95 (brs, 6
H, CH2); 3.13 (br s, 6 H, CH2); (13C) 13.89 (s); 23.59 (br s); 36.89 (br s); 37.88 (br
s).

5 In Fig. 15 is shown the TGA for this MPP polymeric precursor. The TGA
showed a transition beginning at about 100 °C, having a midpoint at about 200 °C,
and ending at about 240 °C. The yield for the transition was 47.3% (w/w), as
compared to a theoretical yield for the formula Cu(0.75 In,0.25 Ga)Se; of 45.7%
(w/w). Thus, the TGA showed that this polymeric precursor can be used to prepare

10  CIGS layers and materials, and can be used as a component to prepare other

semiconductor layers, crystals, and materials.
EXAMPLE 15

A polymeric precursor represented by the formula
{Cu(Se'Bu)(Se"Bu)(0.9 In,0.1 Ga)(Se"Bu),} was synthesized using the following
15  procedure.
In an inert atmosphere glovebox, a Schlenk tube was charged with In(Se"Bu);
(0.94 g, 1.8 mmol), Ga(Se"Bu); (0.096 g, 0.2 mmol), and CuSe'Bu (0.4 g, 2.0 mmol).
Toluene (10 mL) was then added to the Schlenk tube. The Schlenk tube was
transferred to a Schlenk line and the reaction mixture was heated at 80 °C for 12 h.
20 The solvent was removed under reduced pressure and the product was extracted with
pentane. Filtration and solvent removal under reduced pressure afforded 1.22 g (85
%) of an orange-red oil.
Elemental analysis: C, 25.02, H, 4.62, Cu, 10.5, In, 14.6, Ga, 1.06. NMR:
(1H) 0.92 (brs, 9 H, CH3); 1.45 (br s, 6 H, CH2); 1.84 (s, 9 H, tBu); 1.95 (br s, 6 H,
25 CH2); 3.13 (brs, 6 H, CH2); (13C) 13.89 (s); 23.63 (br s); 36.91 (br s); 37.83 (br s).
The TGA for this polymeric precursor showed a transition beginning at about
115 °C, having a midpoint at about 200 °C, and ending at about 245 °C. The yield for
the transition was 49.3% (w/w), as compared to a theoretical yield for the formula
Cu(0.9 In,0.1 Ga)Se, of 46.2% (w/w). Thus, the TGA showed that this polymeric
30  precursor can be used to prepare CIGS layers and materials, and can be used as a

component to prepare other semiconductor layers, crystals, and materials.
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20% [ Cu. 0. 91 no. 7Gao. 3(Ses131.)3.9]n 15 1 400 C, 1 h p-xylene spin coat (10)
700nm 110 260 20% [ Cuo. 851 no. 7Gao. 3(SesBt)3.85]n 15 1 400 C, 1 h p-xyl ene
spi n coatwQ20)1/04@3am 110 260 20% [ Cul. ol no. 8Ga0. 2( SesBaxAjS2d100540%5

EXAMPLE 16

A polymeric precursor represented by the formula
{Cuoss5(Se'Bu)oss(Se"Bu)(Ino.7,Gao:)(Se"Bu),} was synthesized using the following
procedure.

5 In an inert atmosphere glovebox, a Schlenk tube was charged with In(Se"Bu)s
(0.73 g, 1.4 mmol), Ga(Se"Bu); (0.29 g, 0.6 mmol), and CuSe'Bu (0.34 g, 1.7 mmol).
Toluene (10 mL) was added. The Schlenk tube was transferred to a Schlenk line and
the reaction mixture was heated at 80 °C for 12 h. The solvent was removed under
reduced pressure and the product was extracted with pentane. Filtration and solvent

10 removal under reduced pressure afforded 1.0 g (71 %) of an orange-red oil.

Elemental analysis: C, 25.47, H, 4.65, Cu, 8.09, In, 10.5, Ga, 2.97. NMR:
(1H) 0.94 (br s, 9 H, CH3); 1.50 (br s, 6 H, CH2); 1.87 (s, 9 H, tBu); 1.97 (br s, 6 H,
CH2); 3.13 (br s, 6 H, CH2).

In Fig. 16 is shown the TGA for this MPP polymeric precursor. The TGA

15  showed a transition beginning at about 110 °C, having a midpoint at about 195 °C,
and ending at about 230 °C. The yield for the transition was 46.4% (w/w), as
compared to a theoretical yield for the formula (0.85 Cu)(0.7 In,0.3 Ga)Se, of 46.1%
(w/w). Thus, the TGA showed that this polymeric precursor can be used to prepare
Cu(In,Ga)Se; layers and materials, and can be used as a component to prepare other

20  semiconductor layers, crystals, and materials.
EXAMPLE 17

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,

25  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
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

30  yellow to yellow-orange product. The products ranged from being an oil, to being a

semi-solid, to being a solid. Yields of 90% or greater were typical.
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400 C, 1 h p-xylene spin coat (10) 700nm 110 260 20%

[ Cul. ol no. 9Gaal(SesBu)4] 11 15 1 400 C, 1 h p-xylene spin coat (10) 700nm
110 260 weQ1jutui3sol no. 6Ga0. 4( SesBu) 4], 15 1 400 C, 1 IRCpAISgd18/0€4055pi N
coat (10) 700nm 110

Table 2: Examples of polymeric molecular precursors

Polymeric Molecular Precursor Material Target TGAO /zheld Target %
[Cu1 011’11 O(Se Bu)4] Cu1_01n1_0862 46.6 46.5
[Cu1 oIno 9Gao 1(Se Bu)4]n CU1_oIno_9Gao_1Sez 46.3 46.2
[Cu1 011’10 gGao z(Se Bu)4]n Cul_oll’lo_gGao_zsez 452 45.9
[Cu1 011’10 7Gao 3(86 Bu)4]n Cul_oll’lo_7Gao_3sez 46.0 455
[Cu1 oIno 6Gao 4(Se Bu)4]n CU1_oIno_6Gao_4Sez 49.0 452
[Cu1 011’10 5Gao 5(Se Bu)4]n Cul_oll’lo_sGao_ssez 45.8 448
[Cu1 011’10 3Gao 7(Se Bu)4]n Cul_oll’lo_3Gao_7sez 48.9 441
[C 011’10 1Gao 9(86 Bu)4]n Cul_oll’lo_lGao_gsez 49.0 434
[Cu1 oGa1 o(Se Bu)4 Cu1_oGal_oSez 44.0 43.0
[Cuo 8511’10 7Gao 3(86 Bu)3 85] Cuo_851n0_7Gao_3Sez 46.7 46.1
[Cuo 9011’10 7Gao 3(86 Bu)3 90] CuO_901n0_7Gao_3 Sez 47.8 459
[Cuo 9511’10 7Gao 3(86 Bu)3 95] Cuo_951n0_7Gao_3Sez 474 457
[Cu1 011’11 O(Se HGX)4] Cu1_01n1_0862 38.3 40.3
[Cu1 011’10 9Gao 1(Se HGX)4]n Cul_oll’lo_gGao_lsez 428 40.0
[CU1 011’10 7Gao 3(86 HGX)4]n Cul_oll’lo_7Gao_3sez 39.5 39.3
[CU1 011’10 5Gao 5(Se HGX)4]n Cul_oll’lo_sGao_ssez 37.9 38.6
[C 011’10 3Gao 7(Se HGX)4]n Cul_oll’lo_3Gao_7sez 38.0 37.9
[Cu1 oGa1 O(Se HGX)4] Cul_oGal_OSez 38.3 36.9
[Cuo 8511’10 7Gao 3(86 HGX)3 85] Cuo_851n0_7Gao_3Sez 40.7 39.8
[Cuo 9011’10 7Gao 3(86 HGX)3 90] CuO_901n0_7Gao_3 Sez 40.3 39.6
[Cu1 011’11 O(Se Bu)4] Cu1_01n1_0862 472 46.5
[Cu1 011’10 7Gao 3(86 Bu)4] Cul_oll’lo_7Gao_3sez 438 455
[Cu1 oGa1 O(Se Bu)4 Cul_oGal_OSez 438 43.0
[Cu1 011’11 O(Se Bu)3(Se Bu) Cu1_01n1_0862 48.8 46.6
[Cu1 011’10 9Gao 1(Se Bu)3(Se Bu) Cul_oll’lo_gGao_lsez 493 46.2
[Cu1 011’10 75Gao 25(SenBu)3(Se Bu) Cu1_01n0_75Ga0_25862 473 457
[Cu1 011’10 7Gao 3(SenBu)3(SetBu) Cul_oll’lo_7Gao_3sez 493 455
[C 011’10 5Gao 5(Se Bu)3(Se Bu)]n Cul_oll’lo_sGao_ssez 46.9 448
[Cu1 011’10 3Gao 7(SenBu)3(Se Bu)]n Cul_oll’lo_3Gao_7sez 48.5 441
[Cu1 011’10 1Gao 9(86 Bu)3(Se Bu)]n Cul_oll’lo_lGao_gsez 442 434
[Cu1 oGa1 O(Se Bu)3(Se Bu) Cul_oGal_OSez 45.0 43.0
[Cuo gsIno 7Gao 3(Se Bu)g(Se Bu)o gs]n Cuo_851n0_7Gao_3Sez 46.4 46.1
[Cuo 9011’10 7Gao 3(SenBu)3(Se Bu)o 90]n CuO_901n0_7Gao_3 Sez 46.5 45.9
[Cu1 oGa1 O(Se Bu)4 0] Cul_oGal_OSez 46.7 43.0
[Cuo 95Ga1 o(Se Bu)3 95] Cu1_oGal_oSez 46.9 43.1
[Cu1 011’11 O(Se Bu)g(SetBu) Cu1_01n1_0862 454 46.5
[C 011’10 7Gao 3(86 Bu)3(Se Bu) Cul_oll’lo_7Gao_3sez 428 455
[Cu1 011’10 5Gao 5(Se Bu)3(Se Bu) Cul_oll’lo_sGao_ssez 41.3 448
[Cuo gsIno 7Gao 3(Se Bu)g(Se Bu)o 85] Cuo_851n0_7Gao_3Sez 442 46.1

90




260 20% [ Cui . ol no. 7Ga0. 3(SesBu) 4], 15 1 400 C, 1 h p-xylene spin coat
(10) 700nm 110 260 20% [ CuLoGai . o(SesBu) An 15 1 400 C, 1 h p-xylene spin
coat (10)woQ0orm11B6 260 20% [ Cui . ol no. 5Gao. 5( SesBu) 4] PCT/US2010/044055

Polymeric Molecular Precursor Material Target TGAO /zheld Target %
[Cuyolng, 0(86(2 EtHex))4] Cujoln; oSes 35.9 35.5
[Cu1 011’11 o(SePh)3(SenHex)] Cu1_01n1_0862 434 41.5
[Cu1 011’10 9Gao 1(S Bu)4 Cul_oll’lo_gGao_lsz 46.2 448
[Cu1 011’10 75Gao 25(S Bu)4 Cu1_01n0_75Gao_25 Sz 453 44.1
[Cu1 oGa1 o(s Bu)4 Cul_oGal_osz 41.0 40.3
[Cu1 011’11 o(s Bu)4 Cul_oll’ll_osz 46.0 45.0
[Cu1 oGa1 0(SEt)3(S Bu) Cul_oGal_osz 498 48.6
[C 3In1 o(Se Bu)g(Se Bu)1 3] Cu1_31n1_oSez_15 47.5 46.9
[Cu1 111’11 o(SenBu)g(Se Bu)1 1] Cu1_11n1_0862_05 46.5 46.7
[Cu1 111’10 65Gao 25(Se Bu)3(Se Bu)1 1] Cu1_11n0_65Ga0_25862_05 46.1 45.5

EXAMPLE 18

Preparation of monomer compounds

A monomer compound represented by the formula Ga(Se"Bu); was
5 synthesized using the following procedure.

To a 500-mL round bottom Schlenk flask in an inert atmosphere glove box
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

10 were removed under reduced pressure. The residue was extracted with toluene and
filtered. The volatiles from the filtrate were then removed under reduced pressure
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-).

15 EXAMPLE 19

A monomer compound represented by the formula In(Se"Bu); was synthesized
using the following procedure.
To a 500-mL round bottom Schlenk flask in an inert atmosphere glove box
was added InCl; (6.95 g, 31 mmol), NaSe"Bu (15 g, 94 mmol), and THF (200 mL).
20  The reaction mixture was transferred to a Schlenk line and stirred for 12 h. The

volatiles were subsequently removed under reduced pressure. The remaining solid
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15 1400 C, 1 h p-xylene spin coat (10) 700nm 110 260 20%
[Cui.olno.iGa0.9(SesBu)4], 15 1 400 C, 1 h p-xylene spin coat (10) 700nm
110 260 weQ¥1jitui3sol no. 3Ga0. 7( SesBu) 4], 15 1 400 C, 1 IRCT/US2010/044055

residue was dissolved in hot toluene and filtered. The volatiles from the filtrate were
removed under reduced pressure and the resulting solid was washed with pentane.
The final colorless solid was dried under reduced pressure and isolated (15 g, 29
mmol, 92% yield).

5 NMR: (1H; C6D6): 0.913 (t, Juu = 7.2 Hz, 9 H, CH3); 1.43 (m, 6 H, -CH»-);
1.72 (m, 6 H, -CH»-); 2.90 (t, Jun = 7.2 Hz, 6 H, SeCH>-).

EXAMPLE 20

Thin film CIS/CIGS/CGS materials made from polymeric precursors

Examples of thin film CIGS, CIS and CGS materials made from polymeric
10 precursors having predetermined stoichiometry are shown in Table 3. The examples
in Table 3 were made by coating an ink containing 15-20% (w/w) of the specified
polymeric precursor in solvent onto a molybdenum-glass substrate, drying the

coating, and converting and annealing to achieve a thin film.

15 Table 3: Thin film CIGS, CIS and CGS materials made from polymeric

precursors having predetermined stoichiometry

. Dryin i .
Method (layers) thickness (?; C)g Cogfés)lon Annealing Solvent
Ink%; Polymeric Precursor (min) (h) (T°C) (h)
spin coat (10) 700nm 110 260 400 C, 1 h; |
20% [Cuoln; o(Se*Bulln 15 1 650C 1 h p-xylene
spin coat (10) 700nm 110 260 400 C, 1 h; |
20% [CuosIno7Gag(Se’Bu)s sl 15 1 650C 1 h p-xylene
spin coat (10) 700nm 110 260 400 C, 1 h; <vlen
20% [CuosIng:Gao(Se’Bu)sola 15 1 650C 1h p-xylene
spin coat (10) 700nm 110 260 400 C, 1 h; |
20% [Cuo.gsIno-Gao 5(Se*Bu)s gs]a 15 1 650C 1 h p-xylene
spin coat (10) 700nm 110 260 400C, 1h;6 _xvlene
20% [CuyolnosGaoa(Se’Bu)i, 15 1 50C1h p-xy
spin coat (10) 700nm 110 260 400 C, 1 h; |
20% [Cuy.oIngsGag.(Se*Bu)]n 15 1 650C 1 h p-xylene
spin coat (10) 700nm 110 260 400 C, 1 h; <vlen
20% [Cuy.oIng Gag.4(Se’Bu)i]n 15 1 650C 1 h p-xylene
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p- xyl ene spin coat (15) 1200nmr.t. 300 C 20%

[ Cuo. 91 no. 7Gao. 3(SellHex)3.9]11 1-2 flash 30 mn 550 C, 1 hr p-xylene
Met hod (Is@ens)oirissckness | nk% Pol ymeric Precursor DryiPOl/UST@)p/0§4u55)
Conversion (TC) (h) Annealing

. Dryin i .
Method (layers) thickness TYIE | Conversion | Apnealing
o . (T°C) (T°C) o Solvent
Ink%; Polymeric Precursor . (T°C) (h)
(min) (h)
spin coat (10) 700nm 110 260 400 C, 1 h; _xvlene
20% [Cuyolno;Gao(Se’Bu)i], 15 1 650C 1h p-xy
spin coat (10) 700nm 110 260 400 C, 1 h; _xvlene
20% [Cuy.0Garo(Se*Bu)sla 15 1 650C 1h p-xy
spin coat (10) 700nm 110 260 400 C, 1 h; <vlen
20% [CuyoIng sGags(Se*Bu)]n 15 1 650C 1 h p-xylene
spin coat (10) 700nm 110 260 400 C, 1 h; _xvlene
20% [CuyoIng, Gags(Se*Bu)iln 15 1 650C 1 h p-xy
spin coat (10) 700nm 110 260 400 C, 1 h; _xvlene
20% [CuyolnosGao-(Se’Bu)il, 15 1 650C 1h p-xy
200 C, 1h;
rod coat (5) 300nm r.t. D
20% [Cuy ol Gatoa(SeBu)l, 12 | P0GI3 406D THE
spin coat (10) 700nm 110 260
20% [Cuy oy o(Se*Bu)a, 15 1 400C, 1h p-xylene
spin coat (10) 700nm 110 260
20% [Cug sIng ,Gag3(Se’Bu)s sla 15 1 400C, 1h p-xylene
spin coat (10) 700nm 110 260 ;
20% [CugeIng sGag3(Se’Bu)s oln 15 1 400G, 1h p-xylene
spin coat (10) 700nm 110 260 ;
20% [Cug g5Ing 7Gag 3(Se’Bu)s ss]n 15 1 400G, 1h p-xylene
spin coat (10) 700nm 110 260
20% [Cuy ol sGao (Se"Bu)al, 15 1 400C, 1h p-xylene
spin coat (10) 700nm 110 260
20% [Cuy ol Gao 1(Se Bu)al, 15 1 400C, 1h p-xylene
spin coat (10) 700nm 110 260 ;
20% [Cuy olng sGao (e Bu)als 15 1 400C,1h p-xylene
spin coat (10) 700nm 110 260 ;
20% [Cuy ol 1Gao 3(Se"Bu)al, 15 1 400C,1h p-xylene
spin coat (10) 700nm 110 260
20% [Cuy oGay o Se’Bu)], 15 1 400C, 1h p-xylene
spin coat (10) 700nm 110 260 ;
20% [Cu1_OIn0_5Ga0_5(SeSBU)4]n 15 1 400 C’ Lh p Xylene
spin coat (10) 700nm 110 260 ;
20% [Cuy olng s Gao o(Se"Bu)als 15 1 400C,1h p-xylene
spin coat (10) 700nm 110 260
20% [Cuy ol sGao +(Se"Bu)ul, 15 1 400C, 1h p-xylene
. 300 C
spin coat (15) 1200nm r.t. ; )
20% [CugeIng ;Gag3(Se"Hex)z 0]n 1-2 ﬂari}ilnso 530 €, Lhr p-xylene

93



(TG (h) Solvent spin coat (10) 800nm 20% [ Cuo. 91 no. 7Gao. 3( SellHex) 3.9] 11
r.t. 1-2 300 C, flash 30 mn 550 C, 1 hr p-xylene rod coat (10) 700nm 20%
[ Cui .0l moQ(Bamitdex)4] 11 r.t. 1-2 300 C, flash 550 C, PCh/UBRIHO/0849d5 coat
(10) 700nm 20% [ Cui . ol no. 9Gao. i (SenHex)4], r.t. 1-2

. Dryin i .
Method (layers) thickness (?; C)g Cogfés)lon Annealing Solvent
Ink%; Polymeric Precursor . (h) (T°C) (h)
(min)
. 300 C
spin coat (10) 800nm r.t. ; }
20% [CugeIng ,Gags(Se"Hex)s o]n 1-2 ﬂari}ilnso 530G Lhr p-xylene
rod coat (10) 700nm r.t. 300 C,
20% [Cuy ol o Se"Hex)s], 1-2 flash 330G, 1h THE
rod coat (10) 700nm r.t. 300 C,
20% [Cuy oo sGatg (Se"Hex)s]s 12 flash 330G, 1h THE
rod coat (10) 700nm r.t. 300 C,
20% [Cu oo 2Gatg (Se"Hex)s]s 12 flash 330G, 1h THE
rod coat (10) 700nm r.t. 300 C,
20% [Cuy.oIng sGag s(Se"Hex)s]n 1-2 flash 330G, 1h THE
spin coat (9) 500nm r.t. fffs%gz) 500C2h _xvlene
20% [CuosIngGaos(Se"Hex)s o] 1-2 o, every 3rdcoat | P
spin coat (11) 700nm r.t. fffs%gz) 500C2h _xvlene
20% [Cugolng7Gags(Se"Hex )z o]n 1-2 min every 3rd coat p-xy
spin coat (12) 700nm r.t. fffs%gz) 500 C2h3/6/9, _xvlene
20% [CugsIng:Gaos(Se"Hex)s o] 1-2 o, 550 3h 12thcoat | P
. 300C 500 C2h3/6/9
spin coat (12) 700nm r.t. , > ;
20% [CtiosIng Gag s(Se"Hex)s ]n 12 ﬂari}ilHSO 550 36}(1)3 étﬁ coat, | p-xylene
. 300 C
spin coat (5) 300nm r.t. ,
20% [CugeIng ,Gags(Se"Hex)s o]n 1-2 ﬂari}ilnso 530G, 1h p-xylene
. 300 C
spin coat (10) 600nm r.t. ; :
20% [CUO_91H0_7G30_3(SCHHGX)3_9]H 1-2 ﬂans,ll’lln:;() 230 C’ I'h P Xylene
spin coat (15) 1000nm r.t. fffs%gz) 550 C, 1 h 10th, _xvlene
20% [Cugslng;Gag(Se"Hex)s o] 1-2 o, 550C1h15th | P*Y
. 300 C,
spin coat (15) 1100nm r.t. flash 30 none p-xylene
20% [CugoIng:Gaos(Se"Bu)y(Se'Bu) o] 1-2 min
. 300 C
spin coat (15) 1100nm r.t. ; :
20% [Cuoolng Gaos(SeBu)(SeBuy o]y | 12 | 18830 ) 400G LR pviene
. 300 C
spin coat (15) 1000nm r.t. ,
20% [Cuooln Gaos(Se™Bu)(SeBuy o]y | 12 | 18830 ) 330G b pviene
. 300 C,
spin coat (10) 700nm r.t. flash 30 none decane
20% [CugoIng:Gaos(Se"Bu)y(Se'Bu) o] 1-2 min
. 300 C
spin coat (15) 950nm r.t. ;
20% [Cugshig Gao (S Bu(SeBuy oy | 12 | 1on 30| 400G decane
. 300 C
spin coat (15) 950nm r.t. ;
20% [Cuoolng Gaos(Se™Bu)(SeBuy oy | 12 | 1830 330G Hh ) decane
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300 C, flash 550 C, 1 h THF rod coat (10) 700nm 20%

[ Cul. ol no. 7Ga0. 3(SellHex)4]11 r.t. 1-2 300 C, flash 550 C, 1 h THF rod
coat (10)wdQ0rwmi120%o [ Cul. ol no. 5Ga0. 5(SellHex) 4] 11 r.t. PCZ/BAA0GH4065 ash 550
C, 1 h THF spin coat (9) 500nm 20% [ Cuo. 91 no. 7Gao. 3(SellHex)3 .91,

. Dryin i .
Method (layers) thickness TYIE | Conversion | Apnealing
o . . (T°C) (T°C) o Solvent
Ink%; Polymeric Precursor . h (T°C) (h)
(min) (h)
rod coat (8) 500nm - 300 C,
add. Naln(Se-secBu)4 1_2 flash 10 550C,1h THF
15% [Cupelng 7Gag 3(Se"Bu)s oln min
spin coat (10) 700nm 110 :
20% [Cuo »Tno 1Gato 5(Se’Bu)s o], 15 260C, 1 h 650C,4h p-xylene
spin coat (10) 700nm 110 400C, 1 h, 650 C
20% [CugsIno1Gags(Se’Bu)sola 15 260G Th |y 650, 4n | Pviene
spin coat (10) 700nm 110 650 C, 4 h, 650
20% [CugeIng ,Gag3(Se’Bu)s gla 15 260G, 1h C,4h p-xylene
. 300 C,
. knife coat (10) IOOan r.t. flash 10 550 C, 1 h c-CeH 2
27% [Cugplng 7Gaos(Se Hex)s o]n 1-2 min C7Hie
knife coat (10) 1000nm r.t. fff%%) 550C,1h 5t c-CeH )5
25% [CuooIng 7Gag 3(Se"Bu)s(SeBu)os]n 1-2 rflin 550 C, 1h 10" C,/His
EXAMPLE 21

Examples of controlling the stoichiometry of materials

Fig. 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
5  the weight percent of a particular atom, either Cu, 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 compounds 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
10 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.

EXAMPLE 22

15 Preparation of CIGS materials

A CIGS material was prepared from a polymeric precursor as follows. A
sample of the polymeric precursor {(Cu)(Se'Bu)(Se"Bu)(0.75 In,0.25 Ga)(Se"Bu),}
(40-60 mg) was initially heated from 20 °C to 260 °C over a period of about 1.5 h in
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r.t. 1-2 300 C, flash 30 mn 500 C 2 h every 3rd coat p-xylene spin coat
(11) 700nm 20% [ Cuo. 91 no. 7Gao. 3(SellHex)3.9]11 r.t. 1-2 300C, flash 30 mn
500 C 2 hwewverwyo133d coat p-xylene spin coat (12) 700nm PO¥US2010/044055

[ Cuo. 91 no. 7Gao. 3(SellHex)3 .91, r.t. 1-2 300 C flash 30 mn

an inert atmosphere (nitrogen). The sample was allowed to cool to room temperature
before a second heating sequence was performed in which the sample was heated at
10 °C/min from 20 °C to 250 °C, followed by heating at 2 °C/min to 400 °C. The

resulting CIGS material was cooled to 20 °C over a period of about 1 h.
5 EXAMPLE 23

A CIGS material was prepared from a polymeric precursor as follows. A
sample of the polymeric precursor {(0.85 Cu)(Se'Bu)(Se"Bu)(0.7 In,0.3 Ga)(Se"Bu),}
(40-60 mg) was initially heated from 20 °C to 260 °C over a period of about 1.5 h in
an inert atmosphere (nitrogen). The sample was allowed to cool to room temperature

10 before a second heating sequence was performed in which the sample was heated at
10 °C/min from 20 °C to 250 °C, followed by heating at 2 °C/min to 400 °C. The
resulting CIGS material was cooled to 20 °C over a period of about 1 h.

The X-ray diffraction pattern of this material is shown in Fig. 18. The X-ray

diffraction pattern of Fig. 18 showed the presence of a single crystalline CIGS phase,

15 namely a tetragonal chalcopyrite phase.
EXAMPLE 24

An analysis by X-ray diffraction of the structure of the crystalline phase of

CIGS materials made with various polymeric precursors is shown in Fig. 19. The
results in Fig. 19 showed that the degree of incorporation of indium and gallium in the

20  crystals of CIGS materials can be detected by the relative position of the 2-theta-(112)
peak of the X-ray diffraction pattern. As shown in Fig. 19, for crystals of CIGS
materials a linear correlation was found between the percent indium of the precursor
and the position of the 2-theta-(112) peak over a range of percent indium from about
30% to about 90%, where percent indium is 100*In/(In+Ga). The CIGS materials

25  were each made from a polymeric precursor having the corresponding percent indium.
Thus, the results showed that the stoichiometry of a CIGS material can be precisely

controlled by the structure of the polymeric precursor used for its preparation.
EXAMPLE 25
Fig. 20 shows an analysis by Dynamic Light Scattering at 25 °C of the

30  molecular weight of three polymeric precursors of this disclosure. The polymeric
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500 C 2 h 3/6/9, 550 3 h 12th coat p-xylene spin coat (12) 700nm 20%

[ Cuo. 9l no. 7Gao. 3(SellHex)3.9]11 r.t. 1-2 300 C, flash 30 min 500 C 2 h
3/6/9, 558020t1/01213h coat, 600 8 h p-xylene spin coat (5PCIABROM0DOHES

[ Cuo. 91 no. 7Gao. 3(SellHex)3.9]11 r.t. 1-2 300 C, flash 30 min 550 C, 1 h
p- xyl ene spin coat (10) 600nm

precursors were made from the chain-forming reaction of monomers of A, providing
repeat units {M”(ER),}, and monomers of B, providing repeat units {M"(ER),}.
Polymer 1 is {(Cuogs)(Se'Bu) o.85(Se"Bu)(Ing7Gag3)(Se"Bu),} and has a molecular
weight estimated by DLS to be 17 kDa. Polymer 2 is {Cu(Se'Bu)(Se"Bu)(

5  Ing;Gag3)(Se"Bu),} and has a molecular weight estimated by DLS to be 87 kDa.
Polymer 3 is {Cu(Se'Bu)(Se"Bu)( Ing75Gao.2s)(Se"Bu),} and has a molecular weight
estimated by DLS to be 59 kDa. The DLS data of Fig. 20 show that the polymeric
precursors of this disclosure are polymers having molecular weights that can vary

over a wide range.
10 EXAMPLE 26

A CIGS material was prepared from a polymeric precursor as follows. A
sample of the polymeric precursor {("BuSe),Ing:Gao(Se"Bu)(Se'Bu)Cu} (40-60 mg)
(Example 11) was initially heated from 20 °C to 260 °C over a period of about 1.5 h in
an inert atmosphere (nitrogen). The sample was allowed to cool to room temperature

15  before a second heating sequence was performed in which the sample was heated at
10 °C/min from 20 °C to 250 °C, followed by heating at 2 °C/min to 400 °C. The

resulting CIGS material was cooled to 20 °C over a period of about 1 h.
EXAMPLE 27

A CIGS material was prepared from a polymeric precursor as follows. A
20  sample of the polymeric precursor {("BuSe);IngsGags(Se"Bu)(Se'Bu)Cu} (40-60 mg)
(Example 12) was initially heated from 20 °C to 260 °C over a period of about 1.5 h in
an inert atmosphere (nitrogen). The sample was allowed to cool to room temperature
before a second heating sequence was performed in which the sample was heated at
10 °C/min from 20 °C to 250 °C, followed by heating at 2 °C/min to 400 °C. The
25  resulting CIGS material was cooled to 20 °C over a period of about 1 h.

EXAMPLE 28

A CIGS material was prepared from a polymeric precursor as follows. A
sample of the polymeric precursor {("BuSe),Ing,Gaos(Se"Bu)(Se'Bu)Cu} (40-60 mg)
(Example 13) was initially heated from 20 °C to 260 °C over a period of about 1.5 h in

30 aninert atmosphere (nitrogen). The sample was allowed to cool to room temperature
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20% [ Cuo. 91 no. 7Gao. 3(SellHex)3.9]11 r.t. 1-2 300 C, flash 30 nin 550 C, 1 h

p- xyl ene

spin coat (15) 1000nm 20% [ Cuo. 9l no. 7Gao. 3(SellHex)3 .91, r.t.

1-2 300 GvObl2aslm13Bemin 550 C, 1 h 10th, 550 C 1 h 15th pcxgusene/ sfsh coat
(15) 1100nm 20% [ Cuo. 91 no. 7Gao. 3(SenBu) 3(SetBu) 0.911 r.t. 1-2 300 C, flash

30 mn

10

before a second heating sequence was performed in which the sample was heated at
10 °C/min from 20 °C to 250 °C, followed by heating at 2 °C/min to 400 °C. The

resulting CIGS material was cooled to 20 °C over a period of about 1 h.
EXAMPLE 29

A CIGS material was prepared from a polymeric precursor as follows. A
sample of the polymeric precursor {("BuSe),IngoGao1(Se"Bu)(Se'Bu)Cu} (40-60 mg)
(Example 15) was initially heated from 20 °C to 260 °C over a period of about 1.5 h in
an inert atmosphere (nitrogen). The sample was allowed to cool to room temperature
before a second heating sequence was performed in which the sample was heated at
10 °C/min from 20 °C to 250 °C, followed by heating at 2 °C/min to 400 °C. The

resulting CIGS material was cooled to 20 °C over a period of about 1 h.
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none p-xylene spin coat (15) 1100nm 20% [ Cuo. 91 no. 7Gao. 3( SenBu) 3( Set Bu)
0.911 r.t. 1-2 300 C, flash 30 min 400 C, 1 h p-xylene spin coat (15)
1000nm 20WO©2Cun121360. 7Gao. 3( SenBu) 3(Set Bu) 0.911 r.t. 1PRTABR01Q04405msh 30
mn 550 C, |h p-xylene spin coat (10) 700nm 20%

[ Cuo. 91 no. 7Gao. 3( SenBu) 3( Set Bu) 0.911

WHAT IS CLAIMED I8S:

1. A compound comprising repeating units {M*(ER)(ER)} and
{MP(ER)(ER)}, wherein each M* is Cu, each M” is In or Ga, 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.

2. The compound of claim 1, wherein each E is sulfur or selenium.
3. The compound of claim 1, wherein E is selenium.
4. The compound of claim 1, wherein the compound is a CIGS, CIS or

CGS precursor compound.

5. The compound of claim 1, wherein the compound has the empirical
formula Cuy(Ini-yGay)«((Si2Se,)R)w, wherein x is from 0.5 to 1.5, y is from O to 1, z is
from 0 to 1, 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 0.7 to 1.2, y is from 0 to

0.5,zis from0.5to 1, vis from 0.9 to 1.1, and w is from 2 to 6.

7. The compound of claim 5, wherein x is from 0.7 to 1.2, y is from 0 to

03,zis from0.7to 1, vis 1, and w is from 3 to 5.

8. The compound of claim 5, wherein x is from 0.7 to 1.2, y is from 0 to

0.2,zis from 0.8 to 1, vis 1, and w is from 3.5 to 4.5.

9. The compound of claim 1, wherein the compound is deficient in Cu or

enriched in Cu.

10.  The compound of claim 1, wherein the compound is an inorganic

polymer or coordination polymer.

11. The compound of claim 1, wherein the compound is linear, branched,

cyclic, or a mixture of any of the foregoing.
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r.t. 1-2 300 C, flash 30 m n none decane spin coat (15) 950nm 20%

[ Cuo. 91 no. 7Gao. 3(SenBu) 3(SetBu) 0.911 r.t. 1-2 300 C, flash 30 mn 400 C, 1
h decane wepbhn/mozmb (15) 950nm 20% [ Cuo. 91 no. 7Gao. 3( SenBaYAS3eBu0sH. 911
r.t. 1-2 300 C, flash 30 mn

12. The compound of claim 1, wherein each R is independently selected,

for each occurrence, from (C1-8)alkyl.

13. The compound of claim 1, wherein each R is independently selected,

for each occurrence, from (C1-6)alkyl.

14. The compound of claim 1, wherein each R is independently selected,

for each occurrence, from (C1-4)alkyl.

15. The compound of claim 1, wherein each R is independently selected,

for each occurrence, from (C1-3)alkyl.

16. The compound of claim 1, wherein each R is independently selected,

for each occurrence, from (C1-2)alkyl.

17.  The compound of claim 1, wherein the compound is an oil at a

temperature below about 100 °C.

18. The compound of claim 1, comprising three or more repeating units

{(MP(ER)(ER)}.

19. The compound of claim 1, comprising three or more repeating units

{M*(ER)(ER)}.

20.  The compound of claim 1, wherein the compound is an alternating

copolymer, a block copolymer, or a random copolymer.

21. 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.

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)uB, (RE)-(BA)uB(BA)mB, P"(AB)y, ““(BA)n, (RE),-(BB)(AABB),
(RE)2-(BB)(AABB)y(AB)m, (RE);-(B)(AABB)o(B)(AB)m, (RE)-[B(AB)],
(RE)-[(BA)BT,
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550 C, 1 h decane WO 2011/ 017236PCT/ US2010/ 044055 Met hod (| ayers)

t hi ckness 1 nk% Polyneric Precursor Drying (TC) (mn) Conversion (TC) (h)
Anneal i ngwQ @ 1/01M36 Sol vent rod coat (8) 500nm add. Nal np&eAiseciBOI4#H515%

[ Cuo. 91 n0. 7Gao. 3(SesBt)3.9]n r.t. 1-2 300 C, flash 10 mn 550 C, 1 h

{
ER
My S
\E/ \\
| ER
R
g B £ B
MA/ \MB/l \MA/ \MBz/
\E/ \E/ \E/ \E
R R R R
p
MA{ \MB/l \MA{ \MBz/
\E/ \E/ \E/ \E
R R R R
p

(XYY YY) ABIABZABS XX

(RE),-BB(AB")o(AB?)m, (RE)-BB(AB")o(AB)m(AB"), and a mixture thereof,
wherein A is the repeat unit {M*(ER)(ER)}, B is the repeat unit {MP(ER)(ER)}, n is

ong or more, m is one or more, and p is one or more.

23.  The compound of claim 1, wherein the compound has any one of the
repeat unit formulas: {Cu(S'Bu)(SPr)In(SPr),}; {Cu(S'Bu)In(S'Bu)y};
{Cu(S'Bu)(S"Bu)In(S"Bu),}; {Cu(Se'Bu)(Se"Bu)In(Se"Bu),};
{Cu(S'Bu)(Se'Bu)In(Se'Bu), }; {Cu(Se'Bu)(SBu)Ga(S'Bu)};
{Cu(Se'Bu),Ga(Se'Bu),}; {Cu(SBu),Ga(SBu),}; {Cu(Se'Bu),In(Se'Bu)y};
{Cu(Se'Bu)(Se'Pr)In(Se'Pr),}; {Cu(Se'Bu)(S*Bu)In(S*Bu),};
{Cu(Se'Bu)(Se'Pr)Ga(Se'Pr),}; {Cu(S'Bu)(S'Pr)Ga(S'Pr),},
{Cu(Se'Bu)(Se"Bu)In(Se"Bu),}; {Cu(SBu)(SPr)In(SPr),};
{Cu(S"Bu)(S'Bw)In(SBu),}; {Cu(Se"Bu)(Se'Bu)In(Se'Bu)};
{Cu(S'Bu)(Se'Bu)In(Se'Bu), }; {Cu(Se'Bu)(SBu)Ga(S'Bu)};
{Cu(S"Bu)(S'Bu)Ga(S'Bu),}; {Cu(Se’Bu)(Se'Bu)In(Se'Bu),};
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THF spin coat (10) 700nm 20% [ Cuo. 91 no. 7Gao. 3(SesBt)3.9]n 110 15 260 C, 1 h
650 C, 4 h p-xylene spin coat (10) 700nm 20% [ Cuo. 91 no. 7Gao. 3(SesBt) 3. 9] n
110 15 26W0Qp11101Mm3400 C, 1 h, 650 C 2 h, 650 C, 4 h p-xpCErus2epiomosdat (10)
700nm 20% [ Cuo. 91 no. 7Gao. 3(SesBt)3.9]n 110 15 260 C, 1 h 650 C, 4 h, 650 C,
4 h p-xylene knife coat (10) 1000nm

{Cu(Se'Bu)(Se'Pr)In(Se’Pr),}; {Cu(Se'Bu)(S'Bu)In(S*Bu),};
{Cu(Se'Bu)(Se'Pr)Ga(Se'Pr),}; {Cu(S'Bu)(S'Pr)Ga(S'Pr),},
{Cu(S'Bu)(S'Pr)(In,Ga)(S'Pr),}; {Cu(S'Bu)y(In,Ga)(S'Bu)};
{Cu(S'Bu)(S"Bu)(In,Ga)(S"Bu),}; {Cu(Se'Bu)(Se"Bu)(In,Ga)(Sc"Bu),};
{Cu(S'Bu)(Se'Bu)(In,Ga)(Se'Bu),}; {Cu(Se'Bu)(SBu)(In,Ga)(S'Bu),};
{Cu(Se'Bu)x(In,Ga)(Se'Bu),}: {Cu(SBu):(In,Ga)(S'Bu),};
{Cu(Se'Bu)y(In,Ga)(Se'Bu),}; {Cu(SeBu)(Se'Pr)(In,Ga)(Se'Pr),};
{Cu(Se'Bu)(S*Bu)(In,Ga)(S*Bu),}; {Cu(Se'Bu)(Se'Pr)(In,Ga)(Se'Pr),};
{Cu(SBu)(S'Pr)(In,Ga)(SPr),}, {Cu(Se'Bu)(Se"Bu)(In,Ga)(Se"Bu),};
{Cu(S'Bu)(S'Pr)(In,Ga)(S'Pr),}; {Cu(S"Bu)(S'Bu)(In,Ga)(S'Bu),};
{Cu(Se"Bu)(Se'Bu)(In,Ga)(Se'Bu),}; {Cu(SBu)(Se'Bu)(In,Ga)(Se'Bu),};
{Cu(Se'Bu)(S'Bu)(In,Ga)(SBu),}; {Cu(S"Bu)(SBu)(In,Ga)(S'Bu),};
{Cu(Se"Bu)(Se'Bu)(In,Ga)(Se'Bu),}; {Cu(Se'Bu)(Se'Pr)(In,Ga)(Se'Pr),};
{Cu(S'Bu)(S'Pr)(In,Ga)(S'Pr).};

{(1.2 Cu)(1.2 Se'Bu)(Se"Bu)(0.7 In,0.3 Ga)(Se"Bu), };

{(1.3 Cu)(1.3 S'Bu)(S'Bu)(0.85 In,0.15 Ga)(SBu), };

{(1.5 Cu)(1.5 SeHexyl)(SeHexy1)(0.80 In,0.20 Ga)(SeHexyl),};

{(0.85 Cu)(0.85 Se'Bu)(Se"Bu)(0.7 In,0.3 Ga)(Se"Bu),};

{(0.9 Cu)(0.9 S'Bu)(S'Bu)(0.85 In,0.15 Ga)(S'Bu),};

{(0.75 Cu)(0.75 S'Bu)(S"Bu)(0.80 In,0.20 Ga)(S"Bu), };

{(0.8 Cu)(0.8 Se'Bu)(Se"Bu)(0.75 In,0.25 Ga)(Se"Bu), };

{(0.95 Cu)(0.95 S'Bu)(Se'Bu)(0.70 In,0.30 Ga)(Se'Bu),};

{(0.98 Cu)(0.98 Se'Bu)(S'Bu)(0.600 In,0.400 Ga)(S'Bu),};

{(0.835 Cu)(0.835 Se'Bu)»(0.9 In,0.1 Ga)(Se'Bu),};

{Cu(S'Bu)2(0.8 In,0.2 Ga)(S'Bu).}; {Cu(Se'Bu)y(0.75 In,0.25 Ga)(Se'Bu),};
{Cu(Se'Bu)(Se'Pr)(0.67 In,0.33 Ga)(Se'Pr),};

{Cu(Se'Bu)(S*Bu)(0.875 In,0.125 Ga)(SBu),};

{Cu(Se'Bu)(Se'Pr)(0.99 In,0.01 Ga)(Se'Pr),};

{Cu(SBu)(S'Pr)(0.97 In,0.030 Ga)(SPr),}, {Cu(Sc’Bu)In(Se'Bu),};
{Cu(Se’Bu),Ga(Se’Bu),}; {Cu(SBu)In(S'Bu),}; {Cu(SBu)In(S"Bu)};
{Cu(Se'Bu),Ga(Se"Bu), }; {Cu(Se'Bu),Ga(Se'Bu),}; {Cu(SBu)In(SBu)};
{Cu(Se"Bu)(Se'Bu)In(Se'Bu),}; {Cu(S'Bu),Ga(S'Bu),};
{Cu(Se"Bu)(Se'Bu)Ga(Se'Bu),}, {Cu(Se'Bu)(Se"Bu)(0.5 In,0.5 Ga)(Se"Bu),};
{Cu(Se'Bu)(Se"Bu)(0.75 In,0.25 Ga)(Se"Bu)}; {Cu(S'Bu)x(0.75 In,0.25 Ga)(S'Bu),};
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27% [ Cuo. 91 no. 7Gao. 3(SellHex)3.9]11 r.t. 1-2 300 C, flash 10 mn 550 C, 1 h
c-C61112 C71116 knife coat (10) 1000nm 25%

[ Cu0. 91 nowdCal/B(BehBu) 3(SetBu)0.9]11 r.t. 1-2 300 C, flPasius2@omu495550 C, 1
h 5th 550 C, 1 h 10th c-C6B12 C71-116 EXAMPLE 21 Exanples of controlling
the stoichionmetry of materials Fig. 17 shows results of nethods for
stoichionetric control of the conposition of a polyneric precursor

enbodi nment {d\d{’gﬁ;u};(gg ics] GEW&@B&)L}?“- The x-axis refers to
{Cu(Se(n-pentyl))(Se"Bu)(0.5 In,0.5 Ga)(Se"Bu),};
{Cu(Se(n-hexyl))(Se"Bu)(0.75 In,0.25 Ga)(Se"Bu),};
{Cu(S(n-hepty]))(S'Bu)(0.75 In,0.25 Ga)(S'Bu),}; and
({Cu(S(n-octy))(SBu)(0.9 In,0.1 Ga)(S'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.

28. The ink of claim 24, further comprising adding an additional indium-
containing compound, an additional gallium-containing compound, or a molybdenum-

containing compound.

29. The ink of claim 24, further comprising one or more components
selected from the group of a surfactant, a dispersant, an emulsifier, an anti-foaming
agent, a dryer, a filler, a resin binder, a 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.

30. The ink of claim 24, further comprising one or more components
selected from the group of a conducting polymer, copper metal, indium metal, gallium
metal, zinc metal, an alkali metal, an alkali metal salt, an alkaline earth metal salt, a
sodium chalcogenate, a calcium chalcogenate, cadmium sulfide, cadmium selenide,
cadmium telluride, indium sulfide, indium selenide, indium telluride, gallium sulfide,
gallium selenide, gallium telluride, zinc sulfide, zinc selenide, zinc telluride, copper
sulfide, copper selenide, copper telluride, molybdenum sulfide, molybdenum selenide,

molybdenum telluride, and mixtures of any of the foregoing.
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5t he wei ght percent of a particular atom either Cu, In or Ga, in the
nonomer conpounds used to prepare the polyneric precursor. The y-axis
refers towvohelwvmairzgght percent of a particular atomin theCpriscundonss
conpounds as synthesized, as determi ned by the use of ICP. The straight
line correlation observed in Fig. 17 for different polyneric precursor
conpounds shows that the stoichionetry of the polyneric 10 precursor can be

precisely contrall edAhMetB&@foﬁHﬁﬁh%EFf‘e’éur@@rc%ﬂl%oﬁﬂﬁ%ﬁi%fﬁng!sed to meke the

pol ymeric precursors. The straig ine,correl ation observed in Fig. 17

al so shows t hat artonisiéns mgnoper eoreospdsddufidledd HeR ugad M 6ER\Red pr ecur sor

conpounds of any, arRidih @t Heshkednofh&hi ometry. EXAMPLE 22 15Preparation
of CIGS materials A CIGS material Wwas prepared froma polyneric

precur sor ashdrgh Mowgs InAVE digBlaeMofis €heaghol ipife Be.or fie.cod Reip mdependently

heat ed 1 rom 2B C Fo-obo e i i 837 S Gpay Mg 8. Rt R il !

at nospher e ifmigariogehjrganihiegasdsipl e was al l owed to cool to roomtenperature
before a second heating sequence was perfornmed in which the sanple was

heated at 10 C/ rghn f&g%%%ggﬁaai%%,ghergal 'ngmgké%{m%r Blth & M N to

400 C. The resulting erial was coo to 2 over a period of
about 1 h. S5EXAVPLE 23 A CIGS material was prepared froma polyneric
precursor as fol3Bows Thaceppaynéoioflaiprid ., whergimerghcE sraldros selemangs

Cu) (SetBu) (SenBu) (0.7 In,0.3 Ga)(Senl 3u)21 (40-60 ng) was initially heated

from20 C to 26G4C ovgE canRhd 01N ADRWEreih Fis Relédiu@n | nert at mosphere
(nitrogen). The sanple was allowed to cool to roomtenperature 10 before a

second heating sequence was rformed in which the sanple was heated at 10
C/nin from20 C3¥o 2 Be ,mgoaﬁq? 86&3,%1%?9’?{ %(?‘Pﬁlbewpﬁu@ﬁ?ﬁ:@%’ Ci‘é@rc. The

resul ting Gh&SpreetesiRmpy@sl. cool ed to 20 C over a period of about 1 h.
The X-ray diffraction pattern of this material is showm in Fig. 18. The

X-ray diffracti pattern of Fig. .18 showed the presence. of a single
Cryetalline O GRophadbe corumuEptiiin s P AOH A OHRPLOE I idS  EXAVPLE
24 Anoranatnegiscky X-ray diffraction of the structure of the
crystalline phase of CIGS materials nade with various polyneric precursors

is shown in Fig., 19. The results in Fig.. showed t hat the degree of

oot porat i on o naithaie GhRrTh eSS srE GROES mter al s can
be det ect edcdajactelien 4 Bbedst YRIcpOStid, Prayalg, thiging-drpeih@ng 112) peak of the X-ray
diffraction pattern. As shown in Fig. 19, for crystals of CIGS materials a

| i near correlatign foyn t.ween the. percent indiumof the precursor
and the. posi t§ orfor | tRemstioheb gt oy SRR GER e PGt erbor cont 1 nd: um
from about @Al aedoniberdls ofier sHopeho eto Abddi 1M Csorlfadd hvu( 6 PaGa) . The
CIGS materi alg 23 @ﬁée each nade froma pol yneric precursor having the
cor r espondi RG°PEF&rt i ndi um Thus, the results showed that the
stoichionetry of a CIGS material can be precisely controlled by the

structure of theag9pol ywmhipoupl eadénsarprosectohprising scapirgpasndiiean. EXAMPLE 25
Fig. 20 shows; al isaélg Dfé m.c Li ;.fcﬁgzer'n Iat(gﬁSC f. the
30nol ecul arﬂﬁéﬁghfﬁoﬁﬁg T )f\ﬁd gﬁ@fhieiel ctirofs o a’gf[ui 8 e bdtire. The
pol ynmeric S, Se, orTe, and R is independently selected, for each occurrence, from alkyl, aryl,
heteroaryl, alkenyl, amido, silyl, and inorganic and organic ligands.
40. The compound of claim 39, wherein M®' and M®? are both In.
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 CIGS, CIS or

CGS precursor compound.
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precursors were nade fromthe chain-formng reaction of nononers of A,
providing repeat units {MA(ER) 2}, and nononers of B, providing repeat units
{ MB(ER) 2}woORoiyore2361 i s {(Cuo85) ( Set Bu) 085(Sel' Bu) (| noPGraBp(18e14080) 21 and
has a nol ecul ar wei ght estimted by DLS to be 17 kDa. Polynmer 2 is

{Cu( SetBu) (SenBu) ( 51 no7Ga03) (Sel' Bu) 21 and has a nol ecul ar wei ght
estimated by DLS to be 87 kDa. Polyner 3 is {Cu(SetBu)(SenBu)

| N075Ga025) ( Sel'4Bu) 2ihabdnfAafd @fd@he}@ulvﬁérelmegﬂ%hp%%d RuRAnDYidL-S to be 59
kDa. The DLS data of Fig. 20 show that the meric precursors of this

di scl osure @Fféu%gllrﬁmv@ayh&&ﬁgz)m wherpiax 19\/@10’@ Stotlray li:%‘an\Qé‘W yer a wide
range. 10EXf°tM?b'ﬁr 28, s from OAS 9 1G5 WR S 23’30 e REGRRERIR fk Iy & rRAlKMeri ¢

precursor as fol e 'of the polyneric precursor

{ (nBuSe) 2| nbgCaTM sernmb)e( Séln@wmﬂep(en@nemSai@)ed(fmﬁbyleartll)letmswi nitially
heated fro 2 - ' .0f: ut 1.5 h in an inert

at nospher ena(‘%?%?lgglégir?)sq@]r%g@}sﬁg%pﬁ%%&bl%glrl]% aqlgg)to cool to roomtenperature
15 before a second heating sequence was perfornmed in which the sanple was
heated at 10 C/ rfiSn f Abasaapognd of dE 43, whesbingvie omy. hiedi? bids Bem Ot/ min to
400 C. The I S C over a period of
about 1 h. %E@%ﬁ& @%?grt?gﬁ ﬁ?g?@ﬁ%&o ‘froma polyneric
precursor as follows. A 20 sanpl e of the polyneric precursor

| (BuSe) 21 no5Gao30SenBhg ¢anoBnd cidlaimsd. sherewyx if froadpl te 122y iv@emPid tial |y
heat ed frorggoug:frglgozﬁtg 1Cv%Vle"an<f‘wl?sefrblﬁ‘§ t§>f5 about 1.5 h in an inert

at nosphere (nitrogen). The sa was allowed to cool to roomtenperature
before a second heating sequence was performed in which the sanple was
heated at 10 C/ ri’n f A8afawroend of dgm 48, whgpingiefomy. hiedt? hds BemOteT/ nin to
400 C. The @@rﬁ§%ﬁllon(gtocp@glrrgﬁae‘;\,llgﬁomg 9gl ed to 20 C over a period of
about 1 h. material was prepared froma polyneric
precursor as foIIovvs A sanp of t he pol yneric precursor

| (BuSe) 21 no7Ga03®senhs e%@m@j elaipaiy. wber?eg)the(mﬁmdels dgjciaphi Ghi tial Iy
heated from20 Cto 260 C over a period of about 1.5 h in 30 an inert

at nosphere (nitrs9gen)rhe dddpovadBt @aiiesd, Fhérdineitk dotpeed is bRinoAAAKt enper at ur e
before a second heating sequence was perforned in which the sanpl e was
heat ed at 1RPLNGHoR Y GAIPO PEYST-250 C, fol l owed by heating at 2 C/min to
400 C. The resulting CIGS material was cooled to 20 C over a period of
about 1 h. EXAMBHE 2%&&@&& OBd1&Hl Bl wherSin Plicedatpeand i Oidad, bpMcNaEer | C
precursor as follows. A @,{o t he pol yneric precursor

| (BuSe) 21 noBeioO] SEWEEF © %Iryzﬁf)t '€AHE60 ny) (Exanple 15) was initially
heated from20 Cto 260 C over a period of about 1.5 h in an inert

gt ][mspher e (ni Ej rsﬁgen)rhe ddreponadpf @ailhess, azh#r@lmdcéatmisds\thbefﬁld@nﬂg]m[&tee,lrrper ature
efore a second, heating se e was perforned in ich the sanpl e was
heat ed at 1%iﬁ‘cbofﬁuﬁre‘?“reo§?‘ggsg%ga&%50 C, followed by heating at 2 C/nmin to
400 C. The resulting CIGS material was cooled to 20 C over a period of
about 1 h. WHAB2l S Ch&tdvigduh®of claim 39, dherfincashid isrindcpampiitlysiciegtetepeat i ng
units 1 MA( )} and | wherein each MA is Cu, each MBis In
or Ga, eacﬁéq%gog,ur@éc,e %/B&%E %gﬁ%ﬁ ‘each R is independently selected, for
each occurrence, fromal kyl, aryl, heteroaryl, alkenyl, am do, 5|Iyl and
i norgani ¢ and orsgani @hé b@ﬂmﬂlﬁd 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.
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2. The conpound of claim11, wherein each E is sulfur or selenium 3.
The conmpound of claim1l, wherein E is selenium 4. The conpound of
claim1l, wberaimn7i3he conpound is a CIGS, CI'S or CGS pre®drdseoioompsiind.
5. The compound of claim 1, wherein the conmpound has the enpirical formula
Cux(Ini _yGay)v((Si _zSez) Rw, wherein x is from0.5 to 1.5, y is fromO to
1, zis fromOto 1, vis from0.5to 1.5 wis from2 to 6, and R
represents R groyps, TRE coMpduid bh&Lif B fhWein M WPETnd Wk GNadf € _
i ndependent|y selected from al kyl, aryl, heteroaryl, alkenyl, amdo, silyl,
and i nor gan@paArdiclpanitoul 19akes . 6. The conpound of claim5,
wherein x is from0.7 to 1.2, yis fromO to 0.5, zis from0.5to 1, vis
from0.9 to 1. 1,57andTﬂé boﬁnﬂdﬁﬁcﬂ’fbﬁclilﬁl@ com rlslngzhreél_d?ﬁn&@mfb@h{ﬂfé wafis ¢l ai m 5,
wherein x is fromQ.7 t01.2,y|sfrom to 0.3, z is omO0.7tol, vis
1, and w isMrERERY 5. 8. The conpound of claimb5, wherein x is
from0.7 to 1.2, yis from0Oto 0.2, zis from0.8to 1, vis 1l, and wis
from3.5 to 4.5.58  The &ompbhfd SOMRAGcHprRlnRitiRdor HEEF et haitconpound i's
deficient in Cu or enriched in Cu. 10. The conpound of claim1,
wher ei n t helMd%Bd&Rd i s an i norganic pol ynmer or coordination pol yner.
11. The conpound of claim1l, wherein the conpound is |inear, branched,
cyclic, or a msoureTra cafpoudd of dieimf 0 @E&ERAGhe Bpound is an alternating
2011/ 017236PCT/ US2010/ 044055 12. The conmpound of claim1, wherein
each Ris .W@@ggﬁaémq%%@b@%@eﬁarﬁwmé&ewywe%urrence from (Cl-8)al kyl .
13. The conpound of claim1l, wherein each Ris independently sel ected, for
each occurrence,60f ronrhé Edmpohad kfydlaim 39, furtherlebmpiikifg mmﬁmwmn,cl aim 1,
wherein each R.is H}lf endent /, Sel ected, for each occhJ E%%)ﬁ from

gep y

(CL-4)al kylWherein Aist o BEHER S Bdt e pepgat Whid e RS s

I ndependent iy o3 RS bRAR 1sf 1ﬁdep@1§1éhtl39£%¢ééfeﬁ efdf Gach bhEQtehelfrdmaliky bryl, 16.
The corrpound of claiml, wherein each Ris independently sélected, for each

occur r ence, hetarepiylg dieny}. amidp silyl, and inorgppic apdgreapiehiguide of claim 1, wherein

the conpound is an oil at a tenperature bel ow about 100 C 18. The
conpound of claign 1, Tﬁ@émﬁpoﬁhdngfdmmea@ RherBRtR: dodipeatd g amnbieSof tHYB( ER) (ER) } .
19. The conpound of claim1, r|S|ngthree or_nore regeatln units

(Vi ERy ( ERy prmtss: (R 5 Aphe RSB GGt S Ao RE R BeBlompound | s

an al t er nat Ry, E@%' B"IREh (BAI? 'BQEJ& PO WL °y°1‘9<'BA@ r(@EﬂQBBf(%@Bé””
21. The co u claim er conpri sing or nu , wherein
Ais the rg@@aﬂaﬁam@w@m@ﬁ»@)@f}%mn@w@pefmmm@B@nﬂ@( ER) ( ERL N is

two or nore; B B, i ndependently sel ected, for each occurrence, from
al kyl, aryl, he eroaryl al kenyl, am do, sil yI and inorganic and organic
Ilgands 22. The conpound of claim1, wher ein the conpound has any
one of the formulas: (RE)2-BB(AB)", (RE)2-B(AB)B, (RE)2 B( AB) " B(AB)
(RE) 2- (BA) "BB/ ( RER2- B( BA) B, (RE)2 (BA) B BA)rrB cycil' e(AB) (BA),
(RE) 2- (BB)( BB) I(RE)Z-EIB BB)" (AB)"" (RE)2-(B)(AABB)" (B)(AB) (RE) 2-
[ B(AB) f, 2- [(B )\BI
\ / \
/ -~
E E E E
R R R R
Y
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, RRR , | EMA AI1BI MA' mB2 E7\ ERRRR ,,,E'..",E""E RRRR
mMAl/\4]3 1 ' mA2 ' nB2 EZ\ E RRRR AB i AB 2AB3 ( RE)2-BB(AB1) " (AB2)""

( RE) 2- BB(wBpI(oABByn, (ABLl) p, and a mi xture thereof, whePerUS210H4408% repeat
unit {MA(ER)(ER)}, B is the repeat unit {MB(ER)(ER)}, n is one or nore, m
is one or nore, and p is one or nore. 23. The compound of claim1, wherein

t he conmpound has any one of the repeat unit fornulas:

{Cu(StBu) (S1PrYyIn(S1Pr) 2}; {Cu( St Bu) 21 n( St Bu) 21; {\Cu( St Bu) ( SnBu) I n( SnBu) 21;
Set Bu) ( SerfBu) | n( §enBu) 2 {Cu( St By ( Set Bu)l ( Sgt Bu) 21;

Set Bu) (St Bu) Ga(SE u) 21; { (Set Bu EGa( Set B 21;\ {Cu( St Bu) 2Ga( St Bu) 2} ;
Set Bu) 2| et Buf 21N { u eTr @1130

Set Bu) ( SsBu) sBu)M «S/EM (S&Pr 21;
Ga( et B

St Bu) (STr) I n(S11 SnBu)(St u) I n(St
SenBu) ( Set\Bu) I n( Bu) 2} {Cu(StBu)(SetBu)ln
Set Bu) ( St Bu) Ga( St Bu) 21; {Cu(SnBu)(St Bu) Ga( St BG) 2} ;
SesBu) ( SetBu)A Bl £§32BUB2leeseofeCu( Set Bu) ( S&Pr) | n( S&Pr) 21;
Set Bu) (SsBu) I n( SsBu) 21; {Cu( Set Bu) ( S&Pr) Ga( S&Pr) 21;
S13u) ( S1Pr) Ga( S1P021, {Cu(SlSu)(SlPr)(I n, Ga)(8113021

S13u) 2 o cu(s
S SonBi (D RSt B EDs. (eI ‘é@?‘?Se g?%ﬁ%?ﬁf)é%%% Tha

Sel 3u) (@1@3@1% lﬁ ﬂ@ayr(egtw)m (Elﬁitﬁme Bmﬁlz(rqpﬁat@a)t({ FRYERY, n s

St Bu) 2 O Set Bu) 21
Sel SL) E%eTrg?%of‘%hggbg% ﬂ{‘%"( %F%a%(eo# %S)ﬁ? )sgsﬁ)(% Ga) ( SsBu) 21:

Set Bu) (S&Pr) (I n, Ga)(S&Pr)Z {cu SlBu)(SlPr)(In Ga) (S1Pr) 21,
Set Bu) ( SenBWP( | n TERyroenad, ?%ialm{ hrgig @Pmp))m%a@alp(%m@@@

SnB Mo . Ga Sel 3u) 21 ;
L T e L R,

SnBu) ( KB\@ u)ﬁSd@al) é& }ZJ{Cu ég"@@)l(l@@ﬂs:m;}( In, Ga) ( Set Bu) 21;
AL %éAﬂuﬁi&%@?@u@ﬁ%ﬁ%&@%@ﬁ o G (supozt; 412
) ( St Bu) {@(S%Bu)zG@SeiBu)Ga){C@ism;y)@(stamz}s {@98(@@1@&@&);:} ) (SeHexyl ) (0. 80
senu) 2T 8t B0t B0 Sr PSPy PEPAR 15 o) (w50 23,
{Cu(Se'Bu)(Se'Pr)Ga(Se'Pr),}; {Cu(SBu)(S'Pr)Ga(S'Pr),},
{Cu(Se'Bu)(Se"Bu)In(Se"Bu),}; {Cu(S'Bu)(SPr)In(SPr),};
{Cu(S"Bu)(S'Bw)In(SBu),}; {Cu(Se"Bu)(Se'Bu)In(Se'Bu)};
{Cu(SBu)(Se'Buw)In(Se'Bu),}; {Cu(Se'Bu)(S'Bu)Ga(SBu),};
{Cu(S"Bu)(S'Bu)Ga(S'Bu),}; {Cu(Se*Bu)(Se'Bu)In(Se'Bu),};
{Cu(Se'Bu)(Se'Pr)In(Se'Pr),}; {Cu(Se'Bu)(S*Bu)In(S*Bu),};
{Cu(Se'Bu)(Se'Pr)Ga(Se'Pr),}; {Cu(S'Bu)(S'Pr)Ga(S'Pr).},
{Cu(SBu)(S'Pr)(In,Ga)(SPr),}; {Cu(SBu)y(In,Ga)(SBu),};
{Cu(S'Bu)(S"Bu)(In,Ga)(S"Bu),}; {Cu(Se'Bu)(Se"Bu)(In,Ga)(Se"Bu),};
{Cu(S'Bu)(Se'Bu)(In,Ga)(Se'Bu), }; {Cu(Se'Bu)(SBu)(In,Ga)(S'Bu),};
{Cu(Se'Bu)y(In,Ga)(Se'Bu),}; {Cu(SBu)y(In,Ga)(S'Bu),};
{Cu(Se'Bu)y(In,Ga)(Se'Bu),}; {Cu(Se'Bu)(Se'Pr)(In,Ga)(Se'Pr), };
{Cu(Se'Bu)(S*Bu)(In,Ga)(S*Bu), }; {Cu(Se'Bu)(Se'Pr)(In,Ga)(Se'Pr),};
{Cu(S'Bu)(S'Pr)(In,Ga)(S'Pr),}, {Cu(Se'Bu)(Se"Bu)(In,Ga)(Se"Bu),};
{Cu(S'Bu)(S'Pr)(In,Ga)(SPr),}; {Cu(S"Bu)(SBu)(In,Ga)(S'Bu),};
{Cu(Se"Bu)(Se'Bu)(In,Ga)(Se'Bu),}: {Cu(S'Bu)(Se'Bu)(In,Ga)(Se'Bu)y};

)
o
S
)
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1(0.75 Cu)(0.75 SI3u)(SnBu)(0.80 In,0.20 Ga)(SnBu)21; 1(0.8 Cu)(0.8

Sel 3u) (SenBu) (0.75 In,0.25 &) (SenBu)21; 1(0.95 Cu)(0.95 StBu)(SetBu)(0.70

I n, 0. 30 GapEear@r3el; 1(0.98 Cu) (0.98 SetBu) (St Bu) (0. 60@CITysR0140@4055

Ga) (S13u) 21; 1(0.835 Cu)(0.835 SetBu)2(0.9 In,0.1 Ga)(SetBu)?21;
{Cu(S13u)2(0.8 In,0.2 Ga)(S13u)21; {Cu(Sel 3u)2(0.75 In,0.25 &) (Sel 3u) 21,

{ Sel 3u) (S&Pr) (0.67 In,0.33 Ga)(Sel13021; {Cu(Sel 3u)(SsBu)(0.875 In,0.125
Ga

(
SsBu 21 w9 .

(S150) Sk pri‘jsmh‘l%&e?@f‘%a S TR R seseuy 21

( SesBu) 2&( 1909éﬂﬁ%ﬂ@@hﬁﬁﬁp@@i@%@gPﬂ GGRESER 21 n( SnBu) 21;

( Set Bu)2 %@i"é et Bu) 2Ga( Set Bu) 21; { Cu('S13u) 21 n( St Bu) 21;
(SenBu) ( eI 3u82j1 {Cu( S13u) 2Ga( St Bu) 21;
(SenBu)(SéBﬁy»(@é(%@@@pﬂl)(oﬁ@pge%@e(@éﬁau)(o 51n,0.5 Ga)(Sel Bu)21;
(

(

(

(

(

=PP

FEEEEE

LIRS SR Lot ) (e (ShCs B 2(0.75 T 0. 25

Ga
E geg n- Ee{(ﬂlxﬁl)u))((lgeﬁwﬂﬂﬁlﬁsg{im )@EE)IG@)Q@MSEW?%

e(n-he t u
{ S(n- hep@f%)b%gﬁgg%g g Pnﬂ%q%ééa%ﬁaé %&? 21; and
{ Cu( S( n- oct KA. YXWSOBRW BO(SBH)N.8E Th,0G:5) GH(I'Bw)121. 24. An ink conprising
one or nore 0 ccondi to f. clainms 1-23 and one or nore
carriers. {(89%@@%§ﬂ3g§¢§rﬁs)g)?80gpg?2@]y(‘zaj&€%ﬁé}r ein the ink is a solution of
t he conpounds.gidu)@rs SARASBWA@SIIRD.25 Ga)(Sc"Bug®; The ink of claim 24,
wherein the IS Y, L.on. @f the conmpounds in an organic
carrier. {(b%C@ﬁO%ﬁﬁ@é@ BB}(O%J;F@?@QE‘)?%}%"L)Her conprising a dopant or
al kal i dopa{‘(t) 98 Cu)(0.98 sggu)@g@)(o B0 Bfo. ﬂio&ﬁdﬂs% further corrprl si ng addi ng an
addi tional | nd| um cont ai n an_addi t| onal gallium containing

conpound, or0&3 %@P%W‘Bgﬂﬁigﬁﬂ@)@éﬁﬁbbnd 29. The ink of claim
24, further{@ife@fgmzmmmp@a)@smp{ queyzmnwssm&tﬁise@é)@séﬂuz m the group of a

sur f act ant di spersant, an fier, an anti-foam ng agent a dryer, a

filler, a r@l(%%‘i)hﬁfé’ﬂ)(o &7 . %%@W@GP%}W scosity nodifier, an antioxidant,
a flow agen%@(@e@&)gﬁﬁh)@é ggrln 022G RGYEh MLty agent, a cr yst all'ization

pronoter, an exten | 'm condi |oner an adhesi on pronoter, and a dye.
30. The i nki@HSSB@ITHPRAY. 9?&?@@ﬂe@ﬁ)&$ﬁrﬁﬁzl}& ng one or nore conponents sel ected

fromthe gr tap)@ll)ﬁw%toldgg Cﬂg%glsp)?;i {gﬁgg%ﬁ&mt a?h) }I ndium netal, gallium

netal, zinc al kal'i S5l t, an alkaline earth
netal salt, {%l(SeﬁHuhﬁa(SHthbg{é}ué&léu)zIa(Sé&Ll)dl GG tug8hate, cadni um sul fide,

cadm um sel u(%egBu)c&[cégg Bm gﬁ{:(#’t%ﬁ% Ga}@ ruﬁrpi u(ngdgln(stgd} m sel eni de,

indiumtell eni d gal um tel luride,
zi nc sul fi dgGu(gd"” Bc)(SeéBlem(SkéBu)z}l r{CuQSH}d)jﬂa(SiBu)zpopper sul fide, copper

ol ybaenum rakTupt B ke ETbLy B SEURY s TP RS o

2011/ 017236 RGI$ISBLOBOMIBEH,036. @) (SetBng ; fOu(SBak{mTs ia qmse@a;(sémr)z}@orrpognd
conpri si ng: {CaL?(StBu)z&) 9dfn9)91 8%?§%2}’corrpounds MBnB 1(ER)3,tc) and MA(ER); and

g =

{Cu(Se(n-pentyl))(Se"Bu)(0.5 In,0.5 Ga)(Se"Bu),};
{Cu(Se(n-hexyl))(Se"Bu)(0.75 In,0.25 Ga)(Se"Bu),};
{Cu(S(n-hepty]))(S'Bu)(0.75 In,0.25 Ga)(S'Bu),}; and
{Cu(S(n-octy]))(S'Bu)(0.9 In,0.1 Ga)(S'Bu)s}.

63.  An article comprising one or more compounds or inks according to any

one of claims 1-30 deposited onto a substrate.

64. The article of claim 63, wherein the depositing is done by spraying,

spray coating, spray deposition, spray pyrolysis, printing, screen printing, inkjet
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b) contacting the nonomer conpounds; wherein MBlL is In, MB2 is Ga, MAis
Cu, each Eis S, Se, or Te, and R is independently selected, for each
occurrenceQ 2riemvabkyl , aryl, heteroaryl, al kenyl, am deCcTaiskeio/,o4asl

i norgani c and organic ligands. 32. The nmethod of claim 31, wherein MBl and
MB2 are both In or both Ga. 33. The conpound of claim 31, wherein each E is
sul fur or selenium 34.The conpound of claim31l, wherein E is selenium

35. The conp@ﬁﬁqg,%ro%lgéqphﬁéng, wrer@tif, ?éi%rlm{g)gamgpa@plﬁm@g Gansftd S or CGS

precursor conpound he compound of claim 31, wherein the conmpound is
defici ent iminGog.gRd éﬁmmghﬂwgwphze PrBMETEEY ¥ PREECofONECERIAUBE, wher ei n t he

mononer  conpeYnds;ndhg tﬁ&fﬂ%ﬂﬁﬁlﬁﬁ' 'IMH)%OaPB? %f‘e%t?oﬁi’ifoto%\%ﬁglré 'gfﬂrl]tnrt%n o sprayi ng,

coating, or printing: l'ai m31 e ' nmononer
conpounds aerl@:tr@émoa@tl@@leatrorziattn@nqiwratesméatmg batlodepabiton. co8Deveto about 100

C, or from @09 llrlgt( slgn Qo 19 %%E?\%?gﬁgger%gat@gé%?pgﬂﬂg sn&q?e J&{tn?g pr Ocess

conpri sing reacting TONGEr S
MA(ER) , VWeme:srerbaNBiatlng, liprmreNBBatlrg, @ﬂlamﬁcqasng;)hqulédqwmon $0E§11018e or Te, and

Ris i ndepe(pdent Qccur

) I
et or oaryi - PRy [ ELRERE o Rl R B ARRY (ETER b g ity MLnus.

40. The corrp@fmngzlobtﬂleﬁdrgmmg 39, V\/nerel n M31 and MB2 are both In. 41. The
compound of claim 39, wherein each E is sulfur or selenium 42 The conpound

of claim 39, whesei ”(EE E%Flg%kﬁr‘%@ w%gl’emqﬁe &%Wﬂyﬂqelgitecg%&%%e”’ wherei n

t he conpound is & C precursor co
2011/ 017236800 &f520he00dt6s5 doped sem1¢b41duchnes1hmmpgajlmdn @tfserridleai m 39, wherein
t he conpoun

e enpiJfjcal R),, wherein
P oG 1 St ol e dh 0L Rl RREONRE. P F R £ o B8 £
1.5, wis fdiloonaittide, 6 medh,ch ietilepil as@yiideniin Gihonipsm, ba:fylwnncdadmimr e are win
nunmber, which ar inde e ntly sel ected f al k heteroar |,
Koyt e et S s B Gl oo e gl et " O30 1
conpound of nigdedipan#Hdum, Wi i rh¥nilus, ho@mOsilkef, Otathleds styeliskeef i@ 0 to 0.5, z
is from0.5to. 1, vis from0.9 to 1.1, andW|sfrom2to6 46.
The conpountiroBfiurR| i HERMM. RRSHEr g Freoniymm metel 4ligy.p metalsilicderd om0 to 0. 3,
z is from Omdtat@rblde, ¥ pbl§mds, a BRAGKIMNa bonduE @B pdlynRer, 2 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.

66. The article of claim 63, wherein the substrate is a shaped substrate
including a tube, a cylinder, a roller, a rod, a pin, a shaft, a plane, a plate, a blade, a

vane, a curved surface or a spheroid.

67. A method for making an article, the method comprising:

(a) providing one or more compounds or inks according to any one of claims
1-30;

(b) providing a substrate; and

(c) depositing the compounds or inks onto the substrate.

68.  The method of claim 67, wherein the depositing is done by spraying,

spray coating, spray deposition, spray pyrolysis, printing, screen printing, inkjet
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47. The conpound of claim44, wherein x is from0.7 to 1.2, y is fromO to
0.2, zis from0.8to 1, vis 1l and wis from3.5 to 4.5. 48. The
conmpound w0 2011211m389, wherei n the conpound is defici ent PCm/US2010/044055  49.
The conpound of claim 39, wherein the conpound is an inorganic polyner or
coordi nati on pol yner. 50. The conpound of claim 39, wherein the
conpound is linear, branched, cyclic, or a mxture of any of the foregoing.

51. The conpgung aeifos&ljalgﬁhé% 1ﬂM]ﬁ1'h€ihg1 J&@ﬁﬁ'tlr% gmpnaaiﬁﬂﬁﬁqgnﬁahyfelsel ected, for

each occurrence, from he conmpound of claim 39,
wher ei n eacIHmRnS Paf ﬁﬂ@tﬁ@nﬂ@i@gw 1§ @Iléfétgeafawf@:Pflﬁﬁkghc@@@mfﬂélﬁ%e from

(Cl-6) al kyl jeyerse r1nt1ng,5:%her1]ﬁgleprﬁ19fir%q%%ra%fly,%l&fr&ﬁh%%gra?%??ﬁ%lﬂ;{llgﬁsfh Ris

i ndependent |y sel ectéd, for occurrence, from (C | 54.
The conpoundeaypdenositing, 3B ctropiatingi glectraleks [Fating, batedeperitienchatingevedct ed, f or

each occurr cl aim 39,
wher ei n eacﬁgﬁﬁ sg ih g@é%gjkélg%? + g rP%%tC(Oa%}mgfl%d Cé;g?ﬁ Sgdg@%ﬁ&gtﬁ e, from
(C1-2)al kyl memazed.amgxlmm@a@w_l@z@pokma@ liquid def®Bitiof, rselutmmrpound of
claim 39, e%relon a er—b quf)er%e s{tiso an; Oclastl so?utlon N ata%ﬁ%on?loellrla%\llgngbom 100
C. 5 e ound 181 h 88, r%pr I'sing §UtRiPee” 6Y ot e repeati ng
units {M3( Eﬂ)a(lﬁajt}le forgoing. 58. The corrpound of claim39, conprising three or
nore repeating units { MA(ER) (ER)}. 59. The conpound of cl ai m 39,

wherein the CO”%@“”dThémgﬁo&"orﬁﬁ&&aéﬂ g%ﬁﬁ%ﬁ% i3 se%‘ﬁ@d? %}tﬁggl%l: er, or a

random copol yner orrpoun nprising
the formul aof(a/sa)lrcpnd/uamrei dopad fiemlctdnéuat(ﬁpﬁhctonugalmun@ Mé«érh'xl%) (rEﬂ)lt}DrS Bis the
repeat unit

tywo .or nore, .and R.is
el ected, 19M cagn ool sh ot FBHRE T aPhe SredelBar e Sy
am do, si | yd metahd menﬂ)fcg]amo@baminoalgﬁmhm Ibblgamds cadmium, ceGiim, The corrpound of
claim 39, V\%erel nt e oung ne of rmul as. (lRE)Z BB( AB) "
( RE) 2- B( AB) ror{“l‘-’%@) * - g? P’éﬁ%"’é@e (”ﬁ{??%enﬁ%% K
( RE) 2- ( BA) " B{18A)m Bplatﬁa\dm Eheﬁ(uﬁB}Hoduﬁ}nY@iN’er &(ABAYss stebIRRYed -t BB foAMNGE)
(RE) 2- (BB) (AABB) " (AB) ", (RE)2-(B).(AABB) ‘ ?(AB) ", (RE)2- ?AB f
( RE) 2- [(BA)tantamunRﬂp;@ten zinc, zirconium, a metal alloy, amet?]F_slhcl Aictp 1dr.?/I B2 E7 \ E
RRRR R RR gﬁlgﬂg; :Eplasﬁ.c,.a.conﬂﬁétﬁ@p@lyﬁﬁ%%&?olymer, 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.
70. The method of claim 67, wherein step (c) is repeated.

71. 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.

72. 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, 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.

110



\EZ \ E RRRR ABI AB2A133 (RE) 2-BB(AB1)"(AB2)"" (RE)2-BB(ABl)"(AB2)n, (ABl)p,
and a m xture thereof, wherein Ais the repeat unit {MA(ER)(ER)1, B is the
repeat urwo 20MBIERF(ER)1, n is one or nbre, mis one or PEDIUS201a/0840p5i S one
or nore. 62. The conpound of claim 39, wherein the conpound has any one of
the repeat unit fornmulas: {Cu(StBu)(S1Pr)In(S1Pr)21; {Cu(StBu)2ln(StBu)21;
{Cu(StBu)(S13u) I n(SnBu)21; {Cu(Setl 3u)(SenBu)ln(Senat) 21;

St Bu) ( Set Bu)un( SehBHkddd of GhifnIet %é@o@%ﬁ@ﬂ%ﬁ&a@ﬁ% &t substrate at a

Set Bu) 2Ga( Set Bu) 21; {Cu( St Bu) 2Ga( St B Sef Bu) 2I n( Set Bu) 21;

Set Bu) ({SRPY R i abput 1007 Sebpi {083 W)qonreylt q §gmpounds or inks to

Set Bu) (

Set Bu) (%@%ﬁ% %gﬁéé‘ﬁ et %eﬁtaﬁl’%) ( é&‘%(bn( B figygmperature of

SnBu) ( St®u pbaw S‘@QaC)tQibOU{ @WSenBu) ( Set Bu) | n( Set Bu) 21

St Bu) (Set Bu) I n( Set Bu) 21; {Cu( Set Bu) ( St Bu) Ga( St Bu) 21;

SnBu) (St Bu) Ga( St By égﬂ:thoé Q"((l§ﬁlsfﬁuh{r§@1tc%ﬁ)ph§‘i(l ﬁéaﬁﬁ% &k 'substrate at a

Set Bu) (SeTr) I n(Sel13021; Cu( Set B u%&SsBu) I n(S131

Set Bu) (tS&PerjGe SLion) e@put @ﬂpbgqompounds or inks to

St Bu n

B ( h IR VB 5 ou%(&“z?ek?ﬁé%%%eﬁ‘% OGNS ) 51,
t Bu) ( SettBug! by hed@a} (BeuBupR ks a {lipeSerdal) fSn Beouf B GAY (i8uB1) 21;
et Bu) 2{J,5-Ga) ( Set Bu) 21; {Cu(StBu) 2(In, Ga) (St B1) 21;

et Bu)2§| n, Ga) (Set Bu) 21; {Cu( Setl 3u)(Se Pr)(In, Ga)(SeI P021;

et Bu)(SsBu)(I n, Ga)(SsBu)Zl {Cu(Setl 3u)(Se Pr)(I n, Ga) ( Sel P021;
St Bu) ( STr) (174, Gajf @m@omfcl@ sarthgdo (I'n, Ga)(SenBt)Zl

S ) SISl o RO R s,

Set Bu) (t8tcBuneftltig @a)poBtBw) ks td CuétSndl3u) (St Bu) (I n, Ga) (St Bu) 21; {

Bu) ( Set Bu) (| 21 {ou(Set | I n, Ga) (S&P021;
=oB) (52t B o GRN SRL B hRER b MBI | 1o S (SaPoz:
Sel' Bu) 21; 4ﬂ)ra)e®u)g(siep3((5ta8d|][e()5‘stn8u)(0 85 In, 0.15 Ga)(St131.)21; 41.5

Cu) (1.5 SeHexyl) (S He 1 5 Cu) (0. 85

Q) L e ) SR H e ) By o0 S DS e e £

In, 0. 15 Ga)4{Stl@DICE; abbii®sdE.Cu) (0. 75 St Bu) (SnBu) (0. 80 In, 0. 20 Ga) ( SnBu) 21:
1(0.8 Cu) (0.8 SetBu)(SenBu)(0.75 In,0.25 Ga)(Sel Bu)21: 1(0.95 Cu)(0.95

St B Set B 0.7 30 0.98 Cu)(0.98 SetB St B 0. 600
In,(l;? 5108 eﬁiﬁa )21Tgi th%éf%) é@%‘er %P’@Hf‘ﬁ o)g I n, O. (13 G;gESet lié(l)Zl
(St Bu) 2(0. 8 () kainGa) £bbiBu) ah,tel{@wsewu))&(amomaom@ aBButGa)CSet 131) 21:
Set B S&Pr 67 In, 0, 33. (Sel113Q21; {Cu(SetB SsB 0875In0125
SoBu) 21 Pt i M (5 B THEROT chy ( So113000

St Bu) ( S1Pr) ((6) Qscalling the Odfer b KhliBORd substhtt SesBmpahinlcSEFBM) 21,

SesBu) 2Ga( SesBu) 21; {Cu( St Bu) 2I n( St B1) 21; {Cu( St Bu) 2l n( SnBu) 21;

Set Bu) E@é’ﬁéigozafout{%ﬂ(%é?%u)zea( Set Bu) 21; { Cu(StBu) 2l n(StBu)21 ;
SenB StB Iy ggwpg 2G( St 131) 21,

SZRBﬂgESZt Bug)Géal%ég Bu)Z%O) @8&11% gg)?lézj)(s(enBu)(z) 51n,0.5 &) (SenBu) 21;
Set B SenBu) (0.7 Ga St Bu) 2(.0. 75 | 25
SiSl;J )Zg., e? @(St BY %tnstihgdp any. 0%_1& éé}%l féfyzfilrﬂger COIli’Il%)I'ISIHg an optlgna

Se( n- pequdpydk1e5eaBH bl Qulfrikdliod; &th&@efope HuBkl elafter any step of heating

or annealing.
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79.  An article made by the method of any one of claims 67-77.
80. A photovoltaic device made by the method of any one of claims 67-77.

81l. A method for making a material comprising,

(a) providing one or more compounds or inks according to any one of claims
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{Cu(Se(n-hexyl))(SenBu) (0.75 In,0.25 Ga)(Sel Bu)21;
{Cu(S(n-heptyl))(StBu)(0.75 In,0.25 &) (StBu)21; and

{Cu( S(n- owopd)yiB3Bu) (0.9 In, 0.1 G)(StBu)21. 63. PAM/UBRA10OUMSS
conprising one or nore conpounds or inks according to any one of clains
1- 30 deposited onto a substrate. 64. The article of claim63, wherein

the depositing is done by spraying, spray coating, spray deposition, spray
pyrolysis, pgp.nting, screen printing, inkjet printing, aerosol jet
printing, ink printing, jet printing, stanp/pad printing, transfer
printing, pad prPhrPYigingpexRByeaphi c printing, gravure printing, contact
printing. rever 3& pbdiiaif cdnitfifBlor Bl Bhb Atk sublitaROGAPNY

el ect r ophot ogr aphi c r|nt|ng el ectrodepositing, electroplating,

el ectrol ess pl at(dﬁgatlrwbﬁswetpm%ﬁttalt@mper@wmqf frgm aheut 20561t peput 611 % coat i ng,
knife coatifjg, ;fQ alaﬁé;s FQRLhAS, éerﬁC&g%tdlﬂglal ﬁalv% PR ERELE g 0 FEY €7 bar
coating, lip difredt e at|ng y coati ng, |qU|&3dep05|t|on sol ution
deposi ti on,toll8§ ercrbyetemy er dep05|t|on spin casting, solution casting, and
conbi nati ons of any of the forgoing. 65.The article of claim®63, wherein

the substrate ig,sel ?ﬁé ththﬁ{i 8%1519198195v9%91n%e seﬁb?tﬁ'f@ 1%7955‘? gr. a doped

sem conductor, silico I um arseni I nsul at ors, ass, nolybdenum
gl ass, S|I|@mmmawuxﬁdﬁmlﬂwu@ﬁﬁdﬁndﬂwwtﬁ%)%2pn&moxb®m20%?@tQﬁbmnnitride, a
netal, a ney foil, nolybdenum alumnum beryllium cadmum cerium

chron1un1 co aFt copper, gallium gold, |ead, manganese, nolybdenum
ni ckel, palladlun1 pl ati num rhenium rhodium silver, stainless steel,
steel, iron, str&dnti dhe mteihnd of ¢laiani luwherenriysdoppsiting indoncdiyrspwmingm  a net al

alloy, a C . .C, a
conductive %@#(%&I&’gggf %ﬁ%?]ﬁ%ﬁ%ﬁ%gssPﬁgﬁg%ﬁg&%T%%Pﬁ%ﬁﬂ%#ene
te{ephthﬁl?$Hnmg5@m$vgamboma%agmmmp?%yﬂgnmmg,aﬂﬁdFybmhﬁTgﬁhhﬂkra nylar, a
pol yvi ny yorij de v idene .fl uorid 0 ene

pol yet heri nf'de %ng %4 Bf)“t“iéhg‘?’ésé%’iaP Brm“ngp%ravur? Ren, %Oﬁ*éac %{mtm?’yu mde, a
p0|yVIny|ChbﬁﬂkﬂﬁumﬂgtﬁﬁmghﬁmmhgﬂMﬁgbﬁ%ﬁdkﬁﬂ@ﬂﬁk&ﬁ@h@pﬁ@ﬁM$ﬁr fa silicone,
an epoxy, e i.nations : t he forgoing.

6. The o t PEREoHrRRL f1eB S iner droro e Tss BRBOGon B0, oBhisbotetc st r ace

i ncl udi ng acdatiile spilk cCafingz, NG coaing lel@l‘coatﬁhg[@d coaﬁm@isﬂbt de d@b\t&lfgt a plane, a
pl ate, a blade, a vane,. a.curved surf ce or. a s&&er0| . met hod for
maki ng an aPEYCEtaE coxlifg lmrﬁw%t&gpﬁpg ROy LG IFRASING™ &HE‘“B‘? mor e
conmpounds Odep bsﬂﬁ&n G608yl G dbgosAIOH, PRECaGingCiAtFE cdstid; an( BYmBILAWNGI Ng a
substrat e; and %»dep05|t|ng t he conpoun s or inks onto the substrate.

68. The met @B b rEQ1BZ, wherein t he depositing is done by spraying,
spray coating, spray deposition, spray pyrolysis, printing, screen
printing, inkj et84p a | Mhé AGtho@6f &ﬁﬁi 81{c Gherpinithd duBgratd 1@5el&ﬂddrﬁdrﬂgl,e {c Iet o
printing, stanp/pad printing, nsfer printing, pad printing, exogr aphi c
printing, g%rawfp & SEMIGRpAUsEPr acf%ﬂﬁ? temigAndpgteml lcqne%@ﬁ% A% i ng, ther mal
printing, |ithaekaphy, melsehiRRRY SGEaPNbEIR kitaRfunGoxi8, ek lbREEPOSI ti ng,

el ectropl ati ng, electrol ess plating, bath deposition, coating, wet coati ng,
spi n coat i nYlicorpijtride, @ peetal. r?gmet?lépllhélrlolxlzﬁﬁwrﬁgalumla@nd@é}tllHm} cadpgin. di e coat i ng,
meyer bar cogtif ?ehr&ﬂlﬁnpbé‘tﬁﬁtco‘ﬁﬁét éaﬂ@hm ORI ieﬁ@rni'ang%gé BR1yblid A, d deposi ti on,
sol ution deposition, |ayer-by-layer deposition, Spin casting, solution
casting, aﬂ@d@bmbmﬁ@ﬂmmﬁémwmﬂéﬁwu@fm@ﬁemf%h@bﬁﬁgﬁﬂsNﬁﬂSK%BQDmThe met hod of
claim 67, V\éﬁ%{l&l!l ﬁlugtahﬁlﬁir lés?en? Elh?%rg&lﬁrﬁ%étgﬁllgg tﬂfsﬂﬁ:lcf%ea{n conductor,

a doped sem conduct or, sificon, "gal’l'tum arseni nsul at ors, gl ass,

mol ypdenum lgttalsqarblm h belgmendi plebtite 2 coridugtiieuolydicos copolymeme polxinde, si | i con
2; Ir Lﬁ]e chrd UIFITPOI(Y, %%l telregllldlalate g&l ?y%gl%glggt%olpgfneﬁ pcgee{sy gl!qng,rp cadm um
nol ybdenum mylag h@bLyvma] ﬂha)dixiurp)olyplnahddma lﬁluomdeempculmthylbmada pasiyetherinmée, ,

stainless ste |, iron tronti tin i tapiym, tungsten, zinc,

2 rcont am _soans TG PO et prElngtt Rpoheb B B pite Dol yrer . a
pl astic, a @enciieild biradi@lk ¥ iyesne palymopalsiicete, aitefofy \papdr, ddhed@aped apol yet hyl ene
t er epht hal at carb , .a polyester, a polyester film a nylar, a
pol yvi nyl %HBWWH‘“(éS?%QﬁH9&¥%%ﬁ% fluoride, a polyethylene, a
polyetherlnlde a pol yet hersul fone, a pol yet herketone, a polyimde, a

pol yvi nyl chl oride, an acrylonitrile butadi ene styrene polyner, a silicone,
an epoxy, paper, coated paper, and cohBinations of any of the forgoing.
70. The nethod of claim®67, wherein step (c) is repeated. 71. The
met hod of claim 67, further conprising heating the substrate at a
tenperature of from about 100C to about 400C to convert the conmpounds or
inks to a material.



72. The nmethod of claim 67, further conprising heating the substrate at a
tenperature of from about 100C to about 400C to convert the conpounds or

i nks to awvoabavaiadds f ol | owed by repeating step (c). PCT/UR2010/Di®5%1et hod
of claim®67, further conprising annealing the material by heating the
substrate at a tenperature of from about 300C to about 650C. WO

2011/ 017236PCT/ US2010/ 044055 74. The met hod of claim 67, further conprising
heating the subssrat ?h@line@ao&6%’1@&?@1‘1f&th@ﬁcoﬁ{pﬁéﬂh%‘?&%no%ﬁﬂ@, plo@ about 400C to
convert the compounds or inks to a materijal anneal ing the material by
heating t hesclsnirationgr sulfirizatiqne pighsr heforced Mg OF efifr ABUE) @UIE to about 650C.
75. The nethod of claim 67, further conprising heating the substrate at a

tenperature of fygom aROHembOOL Ik AbUErc ARG bR MW Rkticdnb&tsronpounds or
inks to a material, depositing the conpounds or inks onto the substrate,

T om about 300C Vo aBBLICHSRE cng: Mg rBOHBRGE g P o b Ohor

conpri si Ng: film. (d) heating the substrate at a tenperature of from about
100C to about 400C to convert the conpounds or inks to a material;

(e) depositing tge C ougg i nks onto _the substrate; (f)
repeating steps °¢d) ater nm’ﬁBVﬂEHWt°d€6T“5Hﬁ gF?W§$9Hg mat eri al by

heating the substrate at a tenperature of from about 300C to about 650C.

77. The met hod of89cl aiAmphoibvolidic ddvede compisinga mgterial made by (ld)mdkatdfng t he

substrate at era% of from about 100C to about 400C to convert the
Pk Sl s Shage

conpounds oY rial; (e) annealing the material by
heati ng t he substrate at a tenperature of from about 300C to about 650C,
and (f) @@peamnh@iﬁmemamtﬂhmdeba@mdwseymxﬁﬁgThe nethod of any one

f | 67- 1. t t
QU fue oo Do O TR F e R QAT SR SRRSO '

anneal i ng. 790;An article nade by the nethod of any one of clains 67-77.
80. A photovol taic device made by the nethod of any one of clains 67-77.
81. A nethod for (PHEPYiging2 SE@FaI conprising, (a) providing one or nore

conpounds or i nks) RE&X3itRdcdnshoadé o ks Bhto GhetubBratel ak0;
(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.

91. The thin film material of claim 90, 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.

92. The thin film material of claim 90, 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/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
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.
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(b) providing a substrate; (c) depositing the conmpounds or inks onto the
substrate; and (d) heating the substrate at a tenperature of from
about 20 woteuiabmss 650 C in an inert atnosphere, therelpgTASoHOOI4gS a

mat erial having a thickness of fromO0.001 to 100 m croneters. 82.
The nethod of claim8l, wherein the substrate is heated at a tenperature of
from about 100 C to about 550 C, or from about 200 C to about 400 C

83. The nmethod af cl ahmn&lanVaeegiIReLRgn 08 RISt MEsbitrdOR cBMeS Pr aYi N,
spray coating, spray deposjtion, spray pyrolysis, printing, screen
printing, i & gRuptisemicardugionla dontd sspigenilysepr. silitenpeell i #epnideet
printing,  shamRiRAa R hillddifium GLANSHEMm BOLML LMiunPAGBL LRk GG, 1 exogr aphi c
printing, gravure printing, contacét printin reverse printing, thernal
printing, |slideogiteghy meéqleaclmt@lnhkhtrmdvlabmr@, agjrmlnumrt@rylbmr@,cqadmm@posu ting,

el ectropl at 0 wet coati ng,
spi n coatlﬁ%ﬂgﬁh?#gﬁ@%a%ﬁﬁﬁ(%k@% %@ugggéph%gygéﬁé%%g%F%gﬁhé g% di e coating,
meyer bar caadwh@aﬂﬁmpmdwnmum,@@mﬂmn@pdmammhkaBWHMmamﬁmgkmlmqmld deposi ti on,
SOl Utl on de O?ll 11!an er gste a l%r zdre nqsl’ll’lta!l’(l)lgtﬁl 3?18 ameqsltsl gfe SO| Utl on
casting, an a ons” or fﬁ ¥or Y gﬁ The met hod of
claim 81, Whaahmﬂnthp@yhﬁma@hmul8c&&hﬂn&@d&h&umkbbﬁy@mompo@ﬁmﬁ

sem conductqr,, a do sem co ctor | i um.ar i de,
P S TR B ot A S Wt U S ot AR
zi nc oxi de, mglat, b @ORviniL fluctiee, palyﬁﬁltyﬁxﬂcnealuﬁiﬁdeah pd19tthylern®ph phide@hstmidal um num

beryllium cadm um cerium om um cob allium gold, |ead,
manganese, qyﬁ%@%ﬁﬁ?eﬁpewgﬁm&ﬁ@TqaﬁPﬁﬁW’%P&Pﬁﬁﬁ&ﬁLpﬁgﬁ@Hnl r hodi um
silver, st adcgllaﬁm&m@heneﬁtye&k polyheR a sBc6RN4d &p¥ky tpapor, doatedphpsMand Ungst en,
zinc, zirconium a netal allogy, a netal SI|ICIde a nmetal carbide, a

pol ynmer, a rétetiens of apypidhe fdrsdngol yner, a copol yner, a pol yner blend, a
polyethylene terepht hal ate, a pol ycarbonate, a polyester, a polyester film
a nylar, a pol y\9i4nyl Thé that fillemaeeAIWY tiayh 96 eeprbdestofuithle compahy/at hyl ene, a

polyetherlnlde pol yet hersul fone, a pol yet her ket one, pol yi m de, a

pol yvi nyl ch%lpp%iétep Shseiaizpligereshifyrizalion. stifcs Refors Gyringer ﬁ@?fﬂ?@% ©) 4 silicone,
an epoxy, per, coated paper, and conbinations of any of the forgoing. WO
2011/ 017236 CT/U82010/044055 85. The met hod of clain181 further
conprising an option st ep, of selenlz ti ul furi i on, t her

before, during EP lmgWB%EC Qsgrogl mpggywit a miﬁmgé@m‘ g ﬂﬁfﬁSH%of claim
81, mhereinﬂmhggo@uerlal is a senlconductor 87. The nethod of claim

81, wherein the material is in the formof a thin film 88.A material nade
by the net hod of any e of clainms 81-87. 8 tov | t devi ce

compr i st ng o el | TRy HESTRG B Ty TOREOSH TAPRE B1-87. 90. A
thin film npbekd danfeaeofyaids Pr-ogess conpri sing, (a) providing one
or nore conpounds or inks according to any one of clains 1-30; (b)
provi ding a substrat 05|t|n t he conpounds. or inks onto the
substrate; and ¥ %168<Wﬂ%aiéﬁénk ‘QWS@?%E?%wgﬂmgB{%ﬁ%@?%ﬁ&re of from
about 20 C jfmtabrdit d&52 aCedrdin@td didigrds. at nosphere, thereby producing a thin
filmmterial having a thickness of fromO0.001 to 100 microneters. 91.The

thin filmmteri of, cl wherein. the substrate is heating at a
t enperat ure of Fgo ﬂﬁ‘qg %W@@géﬁﬁﬁFﬂé§@@t9“%¥wF%dﬁwésout 200 C to
about 400 GhoBRoiesyishinactoding i@éleind & to@bnvettaigh 196, clashrakinergyhe deposi ting
i s done by spraying, spray coating, spray deposition spray pyrol ysis,
printing, screen,printi k rjinti er.os ing, ink
printing, jet p&lgntl ngg Q[g?d 71|a lagQPh‘ﬂ‘ Ol‘gf," a??or g aé’PII %@ftn%e pad
printing, fdoeyoigihgphi c prlntlng, gravure printlng, contact printing,
reverse printin ther.mal printin aph electro o) r aphi c
it g el ect TBUEPOUNE PHES BireEdbushdy o evobtfs Graek SRErAhG,  bat h
deposi tion,1-g@ati ng, wet coatlng spi n coatlng knife coating, roller
coating, rod coating, slot die coating, nmeyerbar coating, |ip direct
coating, capil | APAPTEHANEAGULSIRGUi d deposition, sol ution deposition,

| ayer - by-1l ayer deRRpbsitif2Nhe &MPduRRL inkd ontd AdubfRtCaRt i ng, and conbi nations
of any of the forgoilng.
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WO 2011/ 017236PCT/ US2010/ 044055 93. The thin filmmterial of claim
90, wherein the substrate is selected fromthe group of a sem conductor, a
doped semwvoandumtzs, silicon, gallium arsenide, insul at ®C3/USg189$4055

nol ybdenum gl ass, silicon dioxide, titanium dioxide, zinc oxide, silicon
nitride, a netal, a netal foil, nolybdenum alum num beryllium cadm um
cerium chromum cobalt, copper, gallium gold, |ead, nanganese,

mol ybdenum  ni ckg) neafd th@-gibk't%te ala%mﬁeamreroh%mtu%utnb@dc Whbodd | ver,

stainless steel, steel, iron, strontium tin, titanium tungsten, zinc,

Zi rconi um @S0rEtiaRN giertgymosahaip tharebyiproduriae a Photerealic absrbardyer a pol yner, a
plastic, a GoRduGhibiiRsPaladHRY.00 PodBORfDRELra POl yrer blend, a pol vet hylene
terephthalate a pol ycarbonate, a polyester, a pol yester f|In1 a nylar, a
pol yvi nyl fluoride, onV|ngI|dene fluoride, a polyethylene, a

pol yet heri ni de, 180pollheiReps af 9gme)?: wheremyas 1B B ARME algbl vi ni de, a

pol yvi nyl chippbare @hoAfdhOfbotrith Soddt's RHCE B S Ub&RS0P ¥ MBbut @ Sili cone,
an epoxy, paper, coated paper, and conbi nations of any of the f or goi ng.

94. The thi#0FCim material of claim 90, the process further conprising an
optional step of selenization or sulfurization, either before, during or
after steps (c) 100, (Ghe method of cl@Rr 9%98@&%@&&3%&9@98&&%& pRfe With a thin
filmmterial of any one of clains 9 A phot ovol't ai ¢ devi ce
conpri si ng WIAVFORITY SIHENLPeTie, SHTaldeyrhysis PHRde SEeHfPrianye. diéctof cl ai ns

90- 94, R acfsAHALRHA FGrR¥AL SR LGt Hhd 1ok g GlehleR] Pover
conpri si ng 5“5’%f%v8@pa%b devi c racé% ﬁgl¥% bﬁ(ﬂgl Eita 98. A net hod
for providi mgltleg,@@d piietiig, ﬁ@weraph,lgnpnm@ AR S pwgtlra, mmcbmmtmm c system
according t 99. A
met hod for]%V rﬂhg%ﬁ%%%g %gﬁ 1&%%@%%§kau§hﬁﬁ%%kg@ r1Est ate conpri si ng,
(a) prOV|d|ﬂgmodqmanngwkanmﬂnp@uﬂdmo@mnﬂakg letle depdbifign, coatmgywane of cl ai s
1- 30; rOVIdI hst r ROSI i t he conpounds
or inks ontoa{"ﬁ% 121 attm%qg" ecoa e 10 b Cban(ng)roﬂ %tm)ﬁ’ S(P?Et\hgcsoﬁ rate at a

t enper at ur emefertiar ccmt1a@,dlptd1r]:a&oﬁ1ﬂgpca@blam coﬁﬁlﬂg ﬁqmm de;msmle,rsbluabmmspher e,

t hereby pro UCIn ot ovol tai c. absor ber er havin ckness of from
0.001 to 1 %‘8’0%? yglayer depositio Ggin Pf&lgrr?é’{‘ﬁ{% C%Srtm%?d&? @‘Pa grein the

substrate |@km¢afmagn@mn@ t enperature of from about 100 C to about 550 C,
or fromabout 200 C to about 400 C 101 The met hod of claim 99,

deposi i on. spr a0 py B e Sfo i Ry R B B E Pt Wt B e g,

aerosol |j etgrpmp oftal segucondhictop,ra dvped@mi¢@ituqdr ﬂhd:dilggalﬁllrﬁlﬁﬂsérﬁ@dj printing,

transfer pr|n ng, ,pad [ t|n fl exogr. h|c rintin re printing,
contact pri'MtY'H 68’$%§’ W%PWH 2ﬁ§§1¥%b¢ﬁ§ﬂeﬁ’ %@mnggﬁ §¥&phy,
el ect r ophot GigoapiiiiGe, RidMl N@etalerbidGh ST PSIRPAS, dldriigum e @i Maddiuig,

el ectrol ess pl ating bat h ?e posi ti n coatln wet coatin Spi n coati ng,
Cni T e coat | TG SIBHTG Geelt DT oM iR 2P g o0 I EtieR- BBLCRHM. ey or bar _
coating, |igcid pelddii®Pldtinem, HeRlm! AbYiumOakveh) Sainldsfibd sd@pashtion, solution
deposition, [|ayer-by-1ayer deposition, spin casting, solution casting, and
conbi nat i on¥roBRURA BRNUFe UNEYY g, Ziconium, a mefpl allyhe mettlsdigidsta cl ai m 99,
wher ein t hep, syt i@t Qpbl?mélela%%ﬁd 2 ORI ARG oBARKR c%fml? meCTHGORGUCt O, a
doped sem conduct or, i con q I'ium arseni‘de,” i nsulators, gl ass,

mol ybdenum l@]ﬁ@sgpolwhyl@@rterapl@m dfe 2 nohcaihprats. diolvede, 2 pelyesteofiiale, si | i con
nitride, cadm um
cerium chrﬁﬁ%ﬁhpogoﬁgﬁﬁknhg OgVHEL %@?@ﬁ?&: FQ?&FH&% Qﬁax&gﬁggg?
nnlybdenunlamﬂﬁibiﬁmbaihadehwkgbmtapuhﬁmﬂQGHWUWmYEhwdﬂmmp si | ver,

stai nl ess st n | t|t en, zinc,

Zi rconi um ac?yel%l%ltr? l?lﬁ%dlenes re'ne?glly%sl:; ?{gﬂlcdr}e Qﬂ epox éélg S{egg etr aﬂ%l ymer. a
pl asti c, a<mmﬁdwubmmﬁampb@meﬁngnmyopolyner a polyner bl end, a polyethylene
terephthal ate, a polycarbonate, a polyester, a polyester filn1 a nylar, a
pol yvinyl fluoriy | i I Y

pol yet heri m de, g§ oP@% f%?éu ?%ﬁ%géfﬁ%& gﬁ@ﬁ 1%9%(ﬁ8&%1§§§?ylnlde a
ponV|nyIchk&mmwmnuamumwn@m®nBerb@b@umamgenemsmvp$®émnd}yner a silicone,
an epoxy, paper, coated paper, and conbi nations of any of the forgoing.

103. The nethod of claim99, further conprising an optional step of

sel eni zation or sulfurization, either before, during or after steps (c) or
(d). 104. A photovoltalc deV|ce1éonpr|S|ng a photovol tai c absorber

| ayer nade by the nethod of any one of clainms 99-103.
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104. A photovoltaic device comprising a photovoltaic absorber layer made

by the method of any one of claims 99-103.
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