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Partone

ÅIntroduction to carbon nanomaterials. Points of interest - Carbon nanotubes (CNTs) 

Part two

Partthree

Outlines
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ÅMethods, materials, techniques, analysis and approaches to four CNT samples

ωResults, conclusions, suggestions

 
 

 

A) TEM image of MWCNT; B) SEM images of MWCNT of undetermined diameters and chirality  

 

A B 

ÁDifferent procedures ðdifferent structures and quality of CNTs



Allotropes of carbon

ςAǘƻƳπǘƘƛŎƪ ƳŀǘŜǊƛŀƭ ǿƛǘƘ ǳƴƛǉǳŜΣ ƘƛƎƘƭȅ  ŘŜǎƛǊŀōƭŜ ǇƘȅǎƛŎŀƭ ŀƴŘ ŜƭŜŎǘǊƻƴƛŎ ǇǊƻǇŜǊǘƛŜǎ

ςProperties greatly weaken when more than 10 layers

Graphene
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Introduction to carbon nanomaterials

PARTONE

Nanomaterials that are of our interest:

- Graphene

- Nanotubes/fullerenes

Fullerene Cn: 3-valentpolyhedronwith n vertices, 12 
pentagonsand (n/2 ς10) hexagons.

0.142 nmC Ca - =

1 2 0.246 nma a a= = =
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PARTONE

Introduction to carbon nanomaterials. Nanotubes
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ωTheir values determines complete structural CNT characterization.

ωEach CNT has own (m,n) assignment, n    m.
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Unit cell of CNT
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Carbon nanotubes (CNTs). Structural parameters

Translation vector (       )  is the shortest 
repeat distance along the nanotube axis.

T OB


Similar diameters, great difference in the unit cell size.

Unit cell of the nanotube is the 
area delineated  by the vectors    
and        . 

The number of hexagons in the 
unit cell N:
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PART TWO

Methods, techniques, materials, approaches

SEM and TEM images of 
experimentally produced 

MWCNTsby electrolysis in 
molten salts at the Faculty of 

Technology and Metallurgy 
in Skopje, by changing the 

parameters:
VType of graphite

VTime of polarity change
VCathode overpotential

VTemperature etc.
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kdCNTsof undetermined diameter,chirality, and number of walls

This research is strictly focused to:

Ɇdetermination of outermost and innermost diameters       and

Ɇchiral indices (m,n)

Ɇnumber of other inner diameters

ɆInterlayer distance 

ɆÎÕÍÂÅÒ ÁÎÄ ÔÈÅ ÎÁÔÕÒÅ ÏÆ #.4ȭÓ ×ÁÌÌÓ

ɆEstimating topological indices

Four CNTs considered and analyzed: CNT1, CNT2, CNT3 (group 1), and CNT-3
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Four CNTs considered and analyzed: CNT1, CNT2, CNT3, and CNT-3.

Group 1: CNT1, CNT2, CNT3

CNT1

CNT2

CNT3

Raman spectra of three CNTs in the RBLM range

Raman spectra of the CNTs in the D and G-mode range
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Figure 4: Raman spectra D and G-mode for CNT1, CNT2, and CNT3
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Raman spectra of the first three CNTs were used in two ranges:

ωfrequency region 50 ς350 cm-1 (the radial breathing-like modes range)
ωfrequency region 1200 ς1800 cm-1 (the G-mode range)
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The code for determining (m,n)

Pythoncodefor determining(m,n)

def mn_pairs(diameter, interval):

count=0

m_n=[]

for m in range(1,int((diameter/0.079)+1)):

for n in range(0,m+1):

if((0.079*math.sqrt(n*n+m *m+n *m))>=((diameter -interval)) and 

(0.079*math.sqrt(n*n+m *m+n *m))<=((diameter+interval ))):

count+=1

m_n.append((m,n))

print(count, "(m,n)")

return m_n

DependencebetweenG-peakcomponentsandtheCNT conductivity

Nanotubeconductivity Componentsnumber G-peak profile

Semiconductingchiral (SC) 2 LO: narrow,symmetric

TO: narrow,symmetric

Metallic chiral (MC) 2 LO: broad,asymmetric

TO: narrow,symmetric

Armchair 1 TO: narrow,symmetric

Semiconductingzigzag(SZ) 1 LO: narrow,symmetric

Metallic zigzag(MZ) 1 LO: broad,symmetric
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PART THREE

Nanotube CNT1. (n,m) assignment results

(1) (1) 0.665 nmod d= =

One peak in the RBLM Raman spectrum region ςCNT1 is SWCNT.

ωThe armchair type (5,5) would show one narrow and symmetric G-

peak.

ωThe chiral metallic (6,3), (7,1), and (8,2) would show two components 

of the G-peak, one being narrow.

ωThere is one possibility left, the zigzag metallic CNT (6,0),which is in an 

accordance to the broad and asymmetric G-peak.

Visual model of (6,0) CNT

Metallic CNT condition: 
MOD(2 ,3) 0m n+ =

Raman spectrum RBM for CNT1
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Raman spectrum G-mode for CNT1

The diameter is lower than 1 nm, the possible (m,n) assignment was 

performed using Python programming in the interval                                             

There were 24 possibilities, of which only the following were metallic: 
(5,5), (6,3), (7,1), (8,0), and (8,2).

(1) (1)( 0.02, 0.02).d d- +
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PART THREE

Nanotube CNT2. (n,m) assignment results

Two peaks in the RBLM Raman spectrum region ςCNT2 is DWCNT.

Raman spectrum of CNT2 in the G-mode range

(2) 2.3od =

(2)
1.63id =
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d d
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Two components og the G-peak are located at frequencies 
1570.98 cm-1 and 1574 cm-1.

The use of the following tube diameter estimating equations:

Two diameters are estimated:
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1)

2)

(2)
1.58 nm,id = obtained by eq 1), which implicates a semiconducting chiral layer

(2) 2.25 nm,od = obtained by eq 2), which implicates a metallic chiral layer

Results of calculations from both frequency regions for diameters are in high accordance. 
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Raman spectrum RBLM for CNT2
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PART THREE

Nanotube CNT2. (n,m) assignment results

The diameters are 1-2.5 nm, the possible (m,n) assignment was performed 

using Python programming in the interval                                             (2) (2)( 0.01, 0.01).d d- +

ωQualitative analysis of the G-peak indicates a presence of a broad 

component and a narrow component, hence a chiral metallic character of 

one layer and chiral semiconducting character of the other: MC@SC or 

SC@MC. ςthis corresponds to the implications from eq 1) and 2). 

ωThe only assignment satisfying MC condition is (25,7). There are three 

possibilitiesSC@MC: (13,11)@(25,7), (17,6)@(25,7), and (19.3)@(25,7).

ωThe exact innermost and outermost diameters of the three CNTs above 

give interlayer distances 0.329, 0.335, and 0.335 correspondingly, which 

eliminates the first tube.

ωBoth DWCNTs (17,6)@(25,7), and (19.3)@(25,7) are equally possible.

Visual model of: A) (17,6)@(25,7) DWCNT
B) (19.3)@(25,7) DWCNT

A) B)

(22,11) (12,12)

(25,7) (13,11)

(27,4) (17,6)

(28,2) (19,3)

The table shows possible (m,n) assignments for both 
diameters, which leaves us with 16 possibilities.

Suggestion: additional performing EDP analysis would determinem/n ratio. It is highly expected for this method to differentiate the two options and 

leave only one candidate. 
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