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CLAIMS:

nethod-for-funetionalizing-carbon-nanestructure-materia

comprising: (1) suspending a carbon nanostructure material in a chlorinated

benzene solvent; and (2) adding to the suspension of (1), in multiple additio

over time, materials of the formula:

__~ COO(CHy) y(CH)7(R'yn(Re)m

BrHC
COO(CH,)y(CH) (R}, (R)y,
or
_~ CONH — R3(OF
BrH C\ CONH (OR4)x I

wherein R! and R? are the same or/d'ffercnt hydrogen or C; to Cy3 alkyl groups

‘provided at least one of R’ anod/!(
m are integers ranging fry to 2 provided ntm is at least 1, RlisaC toCys

up, R*is a C, to C,4 alkyl group, Cg to Cyg aryl, C; to

is not hydrogen, yis 0 to 10, Zis O or 1, nand

alkyl or C4to Cyparyl g
Cyq alkylaryl or C, toCy, arylalkyl group, and x is an integer ranging from 0 to up
to the replaceable’valence of the R} group, and 1,8-diazabicyclo[5.4.0] undecene

(DBU), wherein the resulting functionalized carbon nanostructure material has at
the level of functionalization as compared to functionalized carbon
cture material made using the same carbon nanostructure material and
erial of formula I or II and DBU when the materials of formula I or II and

DBU are added to the carbon nanostructure material all at once in a single
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comprising: (1) suspending a carbon nanostructure material in a chlorinated

benzene solvent; and (2) adding to the suspension of (1), dropwise over ti

material of the formula;

_ COO(CH,) y(CHIZ (R yn(R)m

BrHC /
COO(CH,)y(CH),(R"), (R?),, /

wherein R' and R? are the same oA ifferent hydrogen or C; to C3 alkyl groups
provided at least one of R and’] 2% is not hydrogen, vis0to 10, ZisQor I, nand
m are integers ranging frof O to 2 provided n+m is at least 1, R*isaCto Cis
alkyl or Cg to Cyp aryl r’Sup, R* is a C, to Cy, alkyl group, Cg to Cyg aryl, C; to
Cyp alkylaryl or Cy/ o’"cw arylalkyl group, and x is an integer ranging from 0 to up
to the replaceal e valence of the R® group, and 1,8-diazabicyclo[5.4.0] undecene
(DBU), wh rem the resulting functionalized carbon nanostructure material has at
least twi e the level of functionalization as compared to functionalized carbon
nang s'i;'ucture material made using the same carbon nanostructure material and

aterial of formula I or II and DBU when the materials of formula I or IT and

" DBU are added to the carbon nanostructure material all at once in a single
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G ——A-method-of functionalizing-earbon-nanestructure-materials————

comprising: (1) suspending a carbon nanostructure material in a chlorinated

benzene solvent; (2) adding of the suspension of (1), in multiple additions ove

time, material of the formula:

_~COOR®
BrH C 1l
COOR®

wherein R’ and R® are the same or different and are selected fro methyl, ethyl or
propyl groups, and DBU to yield a product of the formula:

_~ COORS
carbon nanostructure material > C [\

and (3) trans-esterifying or trans-amidating the material of formula IV with an

esterification or amidation agent of the type which when reacted with the material

of formula IV results in the production of a'functionalized carbon nanostructure
material of the formula:

carbon nanostructure materia C (COO(CHZ)y(CH)Z(R1)n(R2)m)2

or

carbon nanostrugtlre material > C (CONH — R3(OR?), )2

wherein R' and R? apé the same or different hydrogen or C; to Cyg alkyl groups
provided at least ghe of R' and R? is not hydrogen, v is 0 to 10, preferably 0 1o 5
and Z is 0 or I/'n and m are integers ranging from 0 to 2 provided nt+m is at least
1, R? is a C('to Cys alkyl or Cg to Cyg aryl group, R*is a C, to Cy4 alkyl group, Cs
to Cyp apyl, C; to Cyg alkylaryl or C; to Cy arylalkyl group, and x is an integer
rangjng from 0 to up to the replaceable valence of the R’ group, wherein the
resulting functionalized carbon nanostructure material has at least twice the level
of functionalization as compared to functionalized carbon nanostructure material

the-same-carbon-nanestructure-material-and-material-of-formuladl—
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—afd-PBY-when-the-materials-of formula-HH-and-DBY-are-s

nanostructure material all at once in a single addition.

4, A method for functionalizing carbon nanostructure materials
comprising: (1) suspending a carbon nanostructure material in a chlorinated
benzene solvent; (2) adding to the suspension of (1), dropwise over timé, material
of the formula;

_~ COOR®

BrHC
COOR®

wherein R’ and R® are the same or different and are s¢ écted from methyl, ethyl or
propyl groups, and 1,8-diazabicyclo[5.4.0]undecene (DBU) to yield a product of

the formula:

carfon nanostructure material > C {(CONH — R3(OR%), )2

whereid R' and R? are the same or different hydrogen or C, to C;g alkyl groups

provided at least one of R! and R? is not hydrogen, v is 0 to 10, preferably 0 to 5

ﬂﬁié Z is 0 or 1, n and m are integers ranging from 0 to 2 provided n+m is at least
/1, RYisa C to Cys alkyl or C¢ to Cyq aryl group, R'isaCytoCy alkyl group, C,
“——to-Cryaryl-Erto-Cyalkylaryl-or Crto-Cro-arylalkyl-group-and-x-is-an-integer—



resulting functionalized carbon nanostructure material has at least twice the lev
of functionalization as compared to functionalized carbon nanostructure magérial
made using the same carbon nanostructure material and material of formyla IIT

and DBU when the materials of formula III and DBU are added to theg<arbon

nanostructure material all at once in a single addition.

5. The method of claim 1 wherein the carbon nangstructure material is

single-walled carbon nanotubes.

6. The method of claim 5 wherein the sirigle-walled carbon nanotubes

are short single-walled nanotubes having a length between 1 to 10 microns and a

diameter between 0.01 to 50 nanometers.

7. The method of claim 2 wHerein the carbon nanotube material is

single-walled carbon nanoctubes.

8. The method of elaim 7 wherein the single-walled carbon nanotubes

are short single-walled carBon nanotubes having a length between 1 to 10 microns

and a diameter between/0.01 to 50 nanometers.

9. The'method of claim 3 wherein the carbon nanostructure material is

single-walled carbon nanotubes.

J The method of claim 9 wherein the single-walled carbon nanotubes
are short single-walled carbon nanotubes having a length between 1 to 10 microns

1d a diameter between 0.01 to 50 nanometers.

11.  The method of claim 4 wherein the carbon nanostructure material is

walled-carbon-nanotubes
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is single-walled carbon nanotubes.
13. The method of claim 1, 5 or 6 wherein the carbon nanostructure /

material has had its surface decarboxylated.

14.  The method of claim 2, 7 or & wherein the carbon nanostructure

material has had its surface decarboxylated.

15.  The method of ¢claim 3, 9 or 10 wherein the c "Wbon nanostructure

material has had its surface decarboxylated.

16.  The method of claim 4, 11 or 12 wh 'féin the carbon nanostructure

material has had its surface decarboxylated.

17.  The method of claim 1 wh fein the suspended carbon nanostructure

material is mixed with quantities of n iterials of formula I or Il and DBU at least

V4
twice with interval between the ;} itions sufficient for reaction to occur between

the suspended carbon nanostrugture material and the material of formula I or II

and DBU.

18. Theme Kf claim 17 wherein the interval between additions is at

least six hours.

19. he method of claim 2 wherein the addition of material of formula I

or II and
f at least two days at a rate of one drop every thirty seconds to thirty

periocy
mi és.

20.  The method of claim 3 whercin the suspended carbon nanostructure

U to the suspended carbon nanostructure material dropwise over a

~W.m.n:;at@ rial-is-mixed-with-quantities-of-material-of-formula-lll-and-DBU-at-Jeast-twice-
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—swith-interval-between-the-additions-sufficient for-reaction-to-eccur between-the———

suspended carbon nanostructure material and the material of formula III a

DBU.

21.  The method of claim 20 wherein the interval between additions is at

least six hours.

22.  The method of claim 4 wherein the addition of material of formula
Il and D U?(h:;uspended carbon nanostructure material is dropwise over a
eriod/ofit least two days at a rate of one drop every thirty seconds to thirty
éf;mutes.
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CLAIMS:

1. A method for functionalizing carbon nanostructure materials comprising: (1)
suspending a carbon nanostructure material in a chlorinated benzene solvent; and (2)
adding to the suspension of (1), in at least 3 additions over a reaction time ranging from 6

hours to 4 days between each addition, materials of the formula:

_ COO(CHy)y (CH)Z(R'jn (RE)m

BrHC |
COO(CH,)y (CH),(R"), (R?),
or
_~ CONH — R3(0OR*),
BrH C I
™~ CONH — R3(OR4)X

wherein R' and R? are the same or different hydrogen or C; to C3 alkyl groups provided
at least one of R' and R? is not hydrogen, y is 0 to 10, Z is 1, n and m are each 1, wherein
nt+tm=2, RYisa C;to Cys alkyl or Cg to Cyo aryl group, R*isaCyto Cpa alkyl group, Cg
to Cyp aryl, Cy to Cyg alkylaryl or C; to Cy arylalkyl group, and x is an integer ranging
from 0 to up to the replaceable valence of the R? group, and 1,8-diazabicyclo[5.4.0]
undecene (DBU), wherein the resulting functionalized carbon nanostructure material has
at least twice the level of functionalization as compared to functionalized carbon
nanostructure material made using the same carbon nanostructure material and material
of formula I or I and DBU when the materials of formula I or II and DBU are added to

the carbon nanostructure material all at once in a single addition.

2. The method of claim 1 wherein the carbon nanostructure material is single-walled

carbon nanotubes.

3. The method of claim 2 wherein the single-walled carbon nanotubes are short
single-walled nanotubes having a length between 1 to 10 microns and a diameter between

0.01 to 50 nanometers.
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4. The method of claim 1, 2 or 3 wherein the carbon nanostructure material has had

its surface decarboxylated.

5. The method of claim 1 wherein the interval between additions is at least twelve

hours to four days.

6. The method of claim 1, 2, 3, or 5, wherein the temperature is held at from 40 to
70°C during the addition step and for one to four days following the final addition of the

material to the suspended carbon nanostructure materials.



