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What is claimed is:

1. A method for forming a Li-containing film, islet or cluster on a substrate, the
method comprising the steps of:
introducing a silicon-free lithium precursor having a general formula
[LI-NLTLADG (D
into a reactor containing the substrate disposed therein, wherein
LY has a general formuia; CuHn, (CnlHn)-ERR?) or (CuHa)-E'RY), wherein

¢  CnHyis alinear, branched or cyclic alkyl groups;

+ mand n are independent integers, 1sm=18, 1sn<16;

s EisB N;

e E'is adivalent element;

+ R'and R? each are independently selected from the group consisting of
finear, branched or cyclic alkyl groups, or linear, branched or cyciic alkyl
groups substifuied by other atoms or groups;

L? has a general formula: {CoH-ER*R* or (CpHg)-E'R3, wherein

s« CoHq is alinear, branched or cyclic alkyl groups;

= pand g are independent integers, 1sps16, 15016,

e EisB,N;

¢ E'is adivalent element

« R3and R* each are independently selected from the group consisting of
linear, branched or cyclic alkyl groups, or linear, branched or cyclic atky!
groups substituted by other atoms or groups;

D is independenily selected from monodentate, bidentate, tridentate, or
polydentate neuiral coordinating ligand system;

X is an integer, 0x<4; and

y is the degree of association of the molecule, 1=ys86; and

depositing at least part of the silicon-free lithium precursor onio the substrate to
form the Li-containing film, islet or cluster using a vapor deposition method.

2. The method of claim 1, wherein
L' is a C+-Cys linear, branched or cyclic carbon chains, or of the form (CrHa-ER'R?
or (Caln)-E'R?, wherein
s CaHa is an alkyl chain and may be linear, branched or cyclic alky! groups;

s E represents B, N;
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o E'represents a divaient element such as O, §;

+« mis an integer which value is 1 or an integer ranging from 1 fo 8;

1 is an independant integer ranging from 2 to 16;

« R'is independent and selected from the group consisting of hydrogen,
linear, branched or cyclic C1-Cs alky! groups, or linear, branched or cyclic
alkyl groups substituted by other atoms or groups,

s R?is independent and selected from the group consisting of hydrogen,
linear, branched or cyclic C4-Cs alkyl groups, or linear, branched or cyclic
alkyl groups substituted by other atoms or groups;

L? is of the form (CplHg-ER®R® or (CpHg)-E'R®, wherein

¢ CgHgy is an alkyl chain and may be linear, branched or cyclic alky! groups;

¢ [ reprasents B, N;

s E'represents a divalent element such as O, §;

¢ D and g are independent integers ranging from 1 to 16, preferably p is
comprised from 1 1o 8 and g is comprised from 2 {0 16, most preferably p is
different from m;

« R and R*are independent and selected from the group consisting of
hydrogen, linear, branched or cyclic alkyl groups, or linear, branched or
cyclic alkyl groups substituted by other atoms or groups;

= D is independently selected from monodentate, bidentats, tridentate, or
polydentate neutral coordinating ligand systern, preferably a monodentate
or & bidentate;

s X is an integer comprised batween 0 and 4; and

¢ Y represents the degree of association of the molecule and is comprised
between 1 and 8.

3 The method of claim 1, wherein the silicon-free lithium precursor is selected from
LiNMea(CHCHoNMea,), LiNMe(CH:CHoNMeos)(1,2-diethoxyethane),
LiNMe(CH.CHaNMe,)(1,2-dimethoxyethane), LINEYCHCHaNMey), LINIPr{CH2CH:zNMez),
LiN{Bu(CHzCHoNMeo), LiNtBu(CHCHoNEMe), LiNtBu(CHMeCH:NMe),
LiNEBU(CHCHMeNMe;), LIN(CHCHNMez)z, LIN(CHCHNEL )2, LIN(CH2CHNiPTr2)2,
LIN(CHCHNEMe)2, LIN(CHCHCHaNMez)z, LIN(CHMeCH2NMez)2,
LIN(CHMeCHNMe )} CHCHaNMes), LIN(CHCHMeNMe:)s,
LiN(CHCHMeNMe ) CHCHNMe,), LiN({CHEICHNMe2)(CHCHNMe;),
LIN{CHCHEINMe)(CHCHaNMes), LIN(CMezCH:NMez)(CH2CHoNMes),
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LIN(CH,CMe;NMe2)(CH2CHNMey), LIN(CH.CH,NMe,)(CH2CH:CH:NMe,),
LINMe(CH2CH2OMe), LINMe(CHzCH20ED), LINMe{CH2CHZOIPr) LiNMa(CH.CH.O1BU),
LINEHCH2CH,0Me), LINEY{CHCH20ED), LINIPH(CHCH20Me), LINBU(CHCHOMe),
LIN(CH,CH2OMe)a, LIN(CHoCH2OE)2, LIN(CH2CHz0IPr)a, LIN(CH2CH20tBU),,
LIN(CHzCHaNMez )Y CHOH0Me), LIN(CHzC HaNMez)(CHzCH0EY),
LIN(CHoCHaNMe2)(CHCHZOIPT), LIN(CHCHaNMea)(CHCH201BU), or
LINMe(CH.CH(OMg),).

4. The method of claim 1, wherein the silicon-free lithium precursor is selected from
LiNtBu({CH2CHz2NMez), LINBU(CH:CH:NEMe), LiNtBu{CHMeCH2NMe:z),
LiNEBu(CHzCHMeNMez), LIN(CHCHoNERMe)z, LIN(CHCH20EL)2, LIN(CH2CH2NMe:z)2,
LIN(CHCHCHaNMes ), LIN(CH.CHoNMeED,, LIN(CHMeCH NMe:)(CH.CHoNMes),
LIN(CHCHMeNMez)}{( CH2CHoNMey), LIN(CHEICHzNMe:)(CHoCHoNMes),
LiN(CH;CHEINMez ) (CHCHaNMe,), LIN{CMeCHaNMe)(CHCHzNMe,),
LIN(CH-CMeaNMez) (CHCHaNMes), LIN(CHCHaNIFT),,
LIN(CHCHzNMe Y CHCHCHoNMez), LIN(CH CHL0EL)z, LINMe(CHCHROEL), or
LiNMe(CH2CH(OMe)2).

5. The method of claim 1, wherein the silicon-free lithium precursor is
LiN(CHzCHzNM@z)z.
6. The method of claim 1, wherein the silicon-freg lithium precursor is a monomer, a

dimer, a trimer, or combinations thereof.

7. The method of claim 1, wherein the silicon-free lithium precursor is liquid below
180°C.

8. The method of claim 1, wherein the vapor deposition method is ALD, CVD, spray
coating, dip coating, slit coating, spin-on deposition or a combination thereof.

Q. The method of claim 1, further comprising the step of delivering into the reactor a
co-reactant selected from Os, Oz, H20, trimethylphosphate, an alkylphosphate, an

alkylphosphimine, NO, N>O, H,0,, O radicals, or combinations thereof.

10. The method of claim 9, wherein the co-reactant is Oa.
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11. The method of claim 1, wherein the Li-containing film, islet or cluster is a film, islet
or cluster of Li;O, LIOH, Li2S, LisN, LiF, lithium carbonate, lithium, aluminum fluorate,
lithium aluminum oxide, lithiurm aluminum, lithium cobalt oxide, lithium titanate, lithium
zirconate, lithium niobate, LIPON, lithium phosphate, lithium borate, lithium
borophosphate, lithium nicbate, lithium zirconium oxides, or the like.

12, The method of claim 1, whersin the temperature within the reactor ranges from
about 0°C to about 800°C.

13. A composition comprising a lithium precursor having a general formula:
[LIENL'LADgy {
wherein
L' has a general formula: CrHn, (CHa)-ER'R?) or (CuHn)-E'RY), wherain

¢  CnHa is alinear, branched or cyclic alkyl groups;

+ mand n are independent integers, 1=m=16, 1=n<186;

« EisB,N;

¢ E'is adivalent element;

« R!and R? each are independently selected from the group consisting of
hydrogenlinear, branched or cyclic alkyl groups, or linear, branched or
cyclic alkyt groups substituted by other atoms or groups;

L2 has a general formula: (CoHq)-ER3R? or (CoH)-E'R?, wherein

e  CgHyis alinear, branched or cydlic alky! groups;

e pandqare indspandent integers, 1sp<g16, 1202186,

« EisB N;

s E'is adivalent element;

= RS and R* each are independently selected from the group consisting of
linear, branched or cyclic alkyl groups, or linear, branched or cyclic alky!
groups substituted by other atoms or groups;

D is independently selected from monodentate, bidentate, tridentate, or
polydentate neutral coordinating ligand system;

X is an integer, Osxs4; and

y is the degres of association of the molecule, 1sys6,

14. The composition of claim 13, wherein
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LT is a C1-Cys linear, branched or cyclic carbon chains, or of the form (CrHy)-ER'R?
or (CalHa)-E'R", wherein

e  CnyHais an alkyl chain and may be linear, branched or cyclic alkyl groups;

e E represents B, N;

« E'represents a divalent element such as G, §;

¢ mis an integer which value is 1 or an integer ranging from 1 o §;

+ nis an independent integer ranging from 2 to 16;

+« R'is independent and selected from the group consisting of hydrogen,
linear, branched or cyclic C4-Cs alkyl groups, or linear, branched or cyclic
alkyl groups substituted by other atoms or groups;

s R?is independent and selected from the group consisting of hydrogen,
linear, branched or cyclic C,-Cs alkyl groups, or linear, branched or cyclic
alky! groups substituted by other atoms or groups;

L2 is of the form {CpHy)-ER®R* or (CpHy)-E'R?, wherein

s CoHq is an alkyl chain and may be linear, branched or cyclic alkyl groups;

e E represents B, N;

e« E'represents a divalent slementsuch as Q, §;

¢ p and g are independent integers ranging from 1 to 16, preferably p is
comprised from 1 to 8 and g is comprised from 2 o 16, most preferably p is
different from m;

+ R?®and R* are independent and selected from the group consisting of
hydrogen, linear, branched or cyclic altkyl groups, or linear, branched or
cyclic alkyl groups substituted by other atoms or groups;

[ is independently selected from monodentats, bidentate, tridentate, or
polydentate neutral coordinating ligand system, preferably a monodentate or a bidentate;

X is an integer comprised between 0 and 4, and

y represents the degree of association of the molecule and is comprised between 1
and 8,

provided that L' = Me, L* = {C,Hy = CHCHy, E = N, and both R® and R* are Me}, x
= 0 is excluded;

provided that L' = Et, L? = {CyHy = CHCHz, E = N, and both R® and R* are Ms}, x
= ( is excluded;

provided that L' = iPr, L2 = {CoHq = CHCHz, E = N, and both R® and R* are Me}, x
= (0 is excluded;
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provided that L' = {Bu, L? = {CpHq = CHCH3, E = N, and both R? and R* are Me}, x
= is excluded;

provided that L' = tBu, L2 = {C;Hy = CMeHCH:, E = N, and both R® and R? are Me},

x = ( is excluded;

provided that L' = tBuy, L? = {C,Hq = CHxCHMe, E = N, and both R® and R? are Me},

X = () is excluded;

provided that L' = {CrHy = CHCH, E = N, both R' and R? are Me}, L2 = {CoHy =
CHzCHa, E = N, both R® and R* are Me}, x = Qis excluded;

provided that L' = {CpHy = CHCHa, E = N, both R' and R? are Et}, L2 = {CpHg =
CH>CHz, E = N, both R® and R* are Et}, x = 0 is exciuded; and

provided that L' = Me, L? = {CpH, = CHaCHz, E' = O, R¥is Me}, x = 0 is excluded.

18, The compaosition of claim 13, wherein the {ithium precursor is selected from
LiNMe(CHCHzNMez), LiNMe(CHCHzNMag)(1,2-disthoxyethane),
LiNMe(CH,CHNMe:)(1,2-dimethoxyethane), LINEYCH,CHNMey), LINIPr{CHCH NMey),
LINtBu(CH2CHzNMez), LINIBU{CHCHNEIMe), LINtBu(CHMeCH NMes),
LINtBu(CHzCHMeNMaez), LiIN(CH2CHaNMez)s, LIN(CH2CHaNEL)z, LIN(CH2CHzNiPr2)s,
LIN(CHCHoNEMe),, LIN(CH,CHCHoNMes)s, LIN(CHMeCHNMes),,
LIN(CHMeCH:NMez){CH2CHNMey), LIN(CHCHMeNMes)s,
LIN(CHCHMeNMez){CHCHNMez), LIN(CHEICHNMe(CHCH:NMez),
LIN(CHCHEtNMe: )(CHCHaNMe;), LIN(CMeCHoNMe; ) CHCHaNMey),
LIN{CHCMezNMez)(CHCHaNMey), LIN{CHCHaNMez)(CHCH:CHaNMes),
LiNMe(CH.CH0Me), LINMe{CHCH2OEL), LINMe(CH2CHCIPr) LiNMe(CH.CH.01BW),
LINEH{CH.CH,OMe), LINEY{CHCHOE), LiNIPr{CH.CH0Me), LINtBU(CH.CHOMe),
LIN{CHCHoOMe)a, LIN(CHoCHoOEL) 2, LIN({CH2CH20iPr), LIN(CH2CHOtBu):,
LIN(CHzCHoNMe)}(CH2CH20Me), LIN(CHCHaNMez)(CHCHOED,
LIN(CHCHNMea ) CHCHRGIPT), LINCCHCHNMe W CHCHOtBU), or
LiNMe(CHCH{OMe)2).

16.  The composition of claim 13, wherein the lithium precursor is selected from
LINtBu({CH.CHzNMez), LINIBU(CH:CH:NEMe), LiNtBu(CHMeCH2NMe:),

LiNEBU(CH CHMeNMe,), LiIN(CHCHaNEIMe), LIN(CHCH20E),, LIN(CH.CHaNMez ),
LIN(CHCHCHoNMe, )., LIN(CHCHoNMeE D, LIN(CHMeCH NMe,)(CH.CH NMe;),
LIN{CHCHMeNMez){CH2CHzNMey), LIN(CHEICHNMe:)(CHoCHaNMe),
LIN(CHOHEINMez)(CHCHNMez), LIN(CMe2CHaNMez)(CHCHzNMe:),
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LlN(CHzCM ayN Mez}<CHzCH2NMez), LiN(CHzCHzNiPrz)g
LIN(CH2CH2NMe2)(CHCHCHzNMez). LIN(CH2CHzOE,, LINMe(CH2CH.OE®), or
LINMe(CH2CH(OMe)z).

17.  The composition of claim 13, wherein the iithium precursor is LIN({CH2CHzNMez)2.

18.  Afilm, islet or cluster forming precursor having a general formula:

[LENLYL2-Dyy ("
wherein
Lt has a general formula: Coln, (CHa)-ER'R2) or (CuHn)-E'RY), wherein

e (CpHy) is alinear, branched or cyclic alkyl groups;

= m and n are independent integers, 13m=<16, 1=n=16;

e EisB,N;

¢ E'is adivalent element;

« R'and R? each are independently selected from the group consisting of
hydrogen, linear, branched or cyclic alkyl groups, or linear, branched or
cyclic alkyl groups substituted by other atoms or groups;

L2 has a general formula: {CpHg)-ERPR? or (CoHg)-E'R®, wherein

¢ CgoHyis alinear, branched or cyclic alkyl groups;

e pand g are independent integers, 1sp<16, 15018,

¢ EisB N;

» E'is a divalent glement;

s« R%and R* each are independently selected from the group consisting of
hydrogen, linear, branchead or cyclic atkyl groups, or linear, branched or
cyclic alkyl groups substituted by other atoms or groups;

D is independently selected from monodentate, bidentate, tridentate, or
polydentate neutral coordinating ligand system;
X is an infeger, O0=x=4; and

y is the degree of association of the molecule, 1<ys6.

19, The film, islet or cluster forming precursor of claim 18, whersin
Lt is a C1-Cye linear, branched or cyclic carbon chains, or of the form (CinH)-ERTR?
or {(Cmia)-E'RY, wherein

¢ Cnhy is an alkyl chain and may be linear, branched or cyclic alkyl groups;
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o E represenis B, N;

¢+ E'represents a divalent element such as O, §;

+  mis an integer which value is 1 or an integer ranging from 1 o 8;

e 11is an independent integer ranging from 2 {¢ 16;

¢« R'isindependent and selected from the group consisting of hydrogen,
linear, branched or cyclic Cy-Cs alky! groups, or linear, branched or cyclic
alkyl groups substituted by other atoms or groups;

+ R?is independent and selected from the group consisting of hydrogen,
linear, branched or cyclic C4-Cs alkyl groups, or linear, branched or cyclic
alkyl groups substituted by other atoms or groups;

L2 is of the form (CoHg)-ER3R? or (CpHy)-E'R?, wherein

«  (CgHq is an alkyl chain and may be Hinear, branched or cyclic alkyl groups;

s E represenis B, N;

s FE'represents a divalent element such as O, §;

= pand g are independent integers ranging from 1 to 16, preferably p is
comprised from 1 1o 8 and g is comprised from 2 to 16, most preferably pis
different from m;

¢« R3and R* are independent and selected from the group consisting of
hydrogen, linear, branched or cyclic alky! groups, or linear, branched or
cyclic alkyl groups substituted by other atoms or groups;

D is independently selected from monodentate, bidentate, tridentate, or
polydentate neuiral coordinating ligand system, preferably a monodentate or a bidentate;

X is an integer comprised between 0 and 4, and

y represents the degree of association of the molecule and is comprised between 1
and 6.

20, The film, isiet or cluster forming precursor of claim 18 being selected from
LiNMe{CHCHoNMe,), LiNMe(CHCHNMe,)(1,2-diethoxysthanse),
LINMe{CH.CHzNMe,)(1,2-dimethoxyethane), LINEH{CHCHzNMez), LINIPr{CHCH2NMes),
LiNIBU(CHCHzNMes), LINtBu(CHCHNEMe), LiNtBu(CHMeCH:-NMez),
LiNtBu(CH.CHMeNMez), LIN(CH2CH:zNMez)o, LIN(CH2CH:2NEL)2, LIN(CH2CH2NiPr)s,
LIN(CHzCHoNEMe)s, LIN(CHCHCHaNMes)z, LIN{CHMeCH2NMes)z,
LiN(CHMeCHNMe ) CHCHzNMey), LIN(CHCHMeNMe;)s,

LIN(CHCHMeNMez){( CHzCHaNMey), LIN(CHEICHzNMe:)(CH2CHaNMes),

LIN{(CH CHEINMez (CHCHaNMe,), LIN{CMeCHaNM e )(CHCHzNMey),
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LIN(CH,CMe;NMe2)(CH2CHNMey), LIN(CH.CH,NMe,)(CH2CH:CH:NMe,),
LINMe(CH2CH2OMe), LINMe(CHzCH20ED), LINMe{CH2CHZOIPr) LiNMa(CH.CH.O1BU),
LINEHCH2CH,0Me), LINEY{CHCH20ED), LINIPH(CHCH20Me), LINBU(CHCHOMe),
LIN(CH,CH2OMe)a, LIN(CHoCH2OE)2, LIN(CH2CHz0IPr)a, LIN(CH2CH20tBU),,
LIN(CHzCHaNMez )Y CHOH0Me), LIN(CHzC HaNMez)(CHzCH0EY),
LIN(CHoCHaNMe2)(CHCHZOIPT), LIN(CHCHaNMea)(CHCH201BU), or
LINMe(CH.CH(OMg),).
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