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CLAIMS: 

A 	methed-for-funetionalizing-eafbon-nanostfuoture-matepia 

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(C H2) y (C Fi)z  (RI  )n(R2 )m 

BrH C ----, 
COO(CH2),y(CH)z(R1  )n(R2  )rn  

or 

H - CON 	R3  (0 	) 
BrH C 

	

	 II --,, 
CON H — 	(OR 4)x  

wherein R1  and R2  are the same or Tferent hydrogen or C1  to C18  alkyl groups 

provided at least one of RI  and 	is not hydrogen, y is 0 to 10, Z is 0 or 1, n and 

m are integers ranging fro 	to 2 provided n+m is at least 1, R3  is a C1  to C15  

alkyl or C6  to C10  aryl g 6up, R4  is a C2  to C14  alkyl group, C6  to C10  aryl, C1  to 

C10  alkylaryl or C1  tit C10  arylalkyl group, and xis an integer ranging from 0 to up 

to the replaceabl,  valence of the R3  group, and 1,8-diazabicyclo[5.4.01 undecene 

(DBU), whe 	in the resulting functionalized carbon nanostructure material has at 

least twi 	the level of functionalization as compared to functionalized carbon 

nano • 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 

tion. 
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ethod 	for-functionalizing-carborrnanostructureinaterial 

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(CH2) y (O H)z(R1  )n(R2  )m 
BrH C -____ 	 I 

C 00(C H2)y(C H)z  (R1  )n(R2  )in  

or 

CON H - 	— R3  ( 	)x  
BrH C 	 II 

CON H 	- — 	( R4)x  

wherein RI  and R2  are the same o 	ifferent hydrogen or C1  to Cis  alkyl groups 

provided at least one of RI  a • ' 2 is not hydrogen, y is 0 to 10, Z is 0 or 1, n and 

m are integers ranging frog 0 to 2 provided n+m is at least 1, R3  is a C, to C,5 

alkyl or C6  to C,0  aryl • roup, R4  is a C2  to C14  alkyl group, C6  to C10  aryl, C1  to 

C10  alkylaryl or C 	o C10  arylalkyl group, and x is an integer ranging from 0 to up 

to the replacea• e valence of the R3  group, and 1,8-diazabicyclo[5.4.0] undecene 

(DBU), wh,rein the resulting functionalized carbon nanostructure material has at 

least tw e the level of functionalization as compared to functionalized carbon 

nan, structure material made using the same carbon nanostructure material and 

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

time, material of the formula: 

,,.-- COOR5  
BrH C 	 III 

COOR6  

wherein R5  and R6  are the same or different and arc selected fro 	methyl, ethyl or 

propyl groups, and DBU to yield a product of the formula: 

.,/ 	C 
carbon nanostructure material 	C 	 IV i  

COOR6  

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

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

of formula IV results in the production of s functionalized carbon nanostructure 

material of the formula: 

carbon nanostructure materia 	C (COO(CH2)y(CH)z(R1) n(R2)m)2  

or 

C carbon nanostru 	re material 	(CONH — R3  (OR4)x)2 2, 

wherein RI  and R2  a /the same or different hydrogen or C1  to C18 alkyl groups 

provided at least 'ne of R' and R2  is not hydrogen, y is 0 to 10, preferably 0 to 5 

and Z is 0 or , n and m are integers ranging from 0 to 2 provided n+m is at least 

1, R3  is a C to C15 alkyl or C6 to C10  aryl group, R4  is a C2 to C14 alkyl group, C6 

to C10  a 	1, C1  to C10  alkylaryl or C1  to C10  arylalkyl group, and x is an integer 

rang g from 0 to up to the replaceable valence of the R3  group, wherein the 

r- ulting functionalized carbon nanostructure material has at least twice the level 

of functionalization as compared to functionalized carbon nanostructure material 

the-same-c-ar-bxi-nanostrustura-material-and-rnaterial-of-forinula-III 
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'---affd--I4B-U-when-the-fnatepials-ef--ferrfiula4-11-and--DB-U-ar 

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 chlorina d 

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

of the formula: 

COOR5  
BrH C 	 Ill 

COORS 

wherein R5  and R6  are the same or different and are se ected from methyl, ethyl or 

propyl groups, and 1,8-diazabicyclo[5.4.0]undece 	(DBU) to yield a product of 

the formula: 

/ COOR5 
carbon nanostructure material 	C 	 IV ----..,,. 

COORS 

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

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

of formula IV results in the 9 roduction of a functionalized carbon nanostructure 

material of the formula: 

carbon nanost 	cture material 	C (COO(CH2)y(CH)z(R1)11(R2)42  

Or 

'on 	 C ca 	nanostructure material 	(CONH 	R3  (OR4  )x )2 

where 	RI  and R2  are the same or different hydrogen or C1  to C18  alkyl groups 

pro ided at least one of R1  and R2  is not hydrogen, y is 0 to 10, preferably 0 to 5 

nd Z is 0 or 1, n and m are integers ranging from 0 to 2 provided n+m is at least 

1, R3  is a C1  to C15  alkyl or C6  to C10  aryl group, R4  is a C2  to C14  alkyl group, C6  

--10-ary , 1 	 -or 
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resulting functionalized carbon nanostructure material has at least twice the lev /I 

of functionalization as compared to functionalized carbon nanostructure ma rial 

made using the same carbon nanostructure material and material of form 	a III 

and DBU when the materials of formula III and DBU are added to th -  carbon 

nanostructure material all at once in a single addition. 

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

single-walled carbon nanotubes. 

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

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

diameter between 0.01 to 50 nanometers. 

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

single-walled carbon nanotubes. 

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

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

and a diameter between/0.01 to 50 nanometers. 

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

single-walled carbon nanotubes. 

The method of claim 9 wherein the single-walled carbon nanotubes 

are s ort single-walled carbon nanotubes having a length between 1 to 10 microns 

. d a diameter between 0.01 to 50 nanometers. 

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

• walled-earbon-nanotube 
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12 	Theo  wherein-the-carbon-nanostructure- 

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 8 wherein the carbon nan. tructure 

material has had its surface decarboxylated. 

15. The method of claim 3, 9 or 10 wherein the c 	bon nanostructure 

material has had its surface decarboxylated. 

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

material has had its surface decarboxylated. 

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

material is mixed with quantities of 	/terials of formula I or II and DBU at least 

twice with interval between the a 	itions sufficient for reaction to occur between 

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

and DBU. 

18. The mehod of 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 0 : U to the suspended carbon nanostructure material dropwise over a 

period:f at least two days at a rate of one drop every thirty seconds to thirty 

m/i 	tes. 

7 

20. The method of claim 3 wherein the suspended carbon nanostructure 
. . 	. 	. 	. . 	,, 	• 	. 	— 	. 	TT lr 	1 'Alf, V V 	. 1 	 • 

rta -s4Tuxe t -quan  les o  ma zn- -o—ornau 	an 
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with--interval-between-the-additions-suf-fie ient-for-reaetion-to-oe-eur-between-th 

suspended carbon nanostructure material and the material of formula III a d---- 

DBU. 

21. The method of claim 

least six hours. 

22. The 	e od of claim 01 

20 wherein the interval between additions is at 

4 wherein the addition of material of formula 

III and D 	o the suspended carbon nanostructure material is dropwise over a 
rr____

__B 
pe 'od of at least two days at a rate of one drop every thirty seconds to thirty 
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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(C H2) y (C H)z(Ri)n (R2)m  

BrH C ,____ 	 I 
COO(CH2)y  (CH)

Z 
 (R1  )n  (R2  )tin  

or 

CON H R3  (OR4 )x  
BrH C 	 II 

CON H R3(0R4)x  

wherein R' and R2  are the same or different hydrogen or C I  to C18 alkyl groups provided 

at least one of RI  and R2  is not hydrogen, y is 0 to 10, Z is 1, n and m are each 1, wherein 

n + m = 2, R3  is a C1 to C15 alkyl or C6 to C10 aryl group, R4  is a C2 to C14 alkyl group, C6 

to C10 aryl, CI  to C10  alkylaryl or CI  to Cio arylalkyl group, and x is an integer ranging 

from 0 to up to the replaceable valence of the R3  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 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 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 

its surface decarboxylated. 

1, 2 or 3 wherein the carbon nanostructure material has had 

5. The method of claim 

hours to four days. 

1 wherein the interval between additions is at least twelve 

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. 


