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PARTONE

Introduction to carbon nanomaterials

Allotropes of carbon

Nanomaterials that are of our interest:

- Graphene

(a) Graphi (b) Diamond (¢) Nanoribb
RGD). @Dy ey - Nanotubes/fullerenes

FullereneG,: 3-valentpolyhedronwith n vertices,12
pentagonsand (n/2 ¢ 10) hexagons

(d) Graphene (e) Carbon Nanotube (f) Fullerene
(2D) (1D) (1D)

P
(s}

Graphene CAI2YTMGKAO]l YFGSNAIE SgAGK dzyAljdzST KAIKE @
¢ Properties greatly weaken when more than 10 layers
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Introduction to carbon nanomaterials. Nanotubes

graphene

an,nt N5 OKAN}f AYyRAOSa 6FyRGaO2 OKA
oY heir values determines complete structural CNT characterization

oEach CNT has owm ) assignmentng m.

Circumference: |Cy|=+3ac. c(n? +mn #)}/2
Diameter: dCNT:\@aC-C(mZJ'm” )2 0,079/ M mn %)

P
Chiral angle:g = arct V3n
gleg =arctg_ ==, 0¢g a% ©¢n om)
Three types of CNTs: Armchair Zigzag Chiral
q:E g=0 O<gqg <%
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Translation vector T (éB ) is the shortest
repeat distance along the nanotube axis.

_*/§|Ch| J3pdenT
dr dr
dr =GCD(2m +n2n +1), given by

T :|f|

q _éd, if m- nisnota multiple of 3d
R :Sd if m- nis a multiple of 3d

where d=GCD(m n

Unit cell of CNT

Unit cellof the nanotube is the
area delineated by the vector$
and ¢, .

The number of hexagons in the
unit cellN: g a5 g
2 t
_2(m” + mn +1f) (17,0) (10,10) (12,8)
dr

N
Similar diameters, great difference in the unit cell size
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Methods, techniques, materials, approaches

SEM and TEM images g
experimentally produced
MWCNTDy electrolysis in
molten salts at the Faculty of
Technology and Metallurg
in Skopje, by changing the
parameters:

V Type of graphite

V Time of polarity change
V Cathode overpotential
V Temperature etc

CNTsof undetermined diameter,chirality, and number of walls

This research is strictly focused to:

Fdetermination of outermost and innermost diameters d, andd,
Fchiral indices (m,n)

Ehumber of other inner diameters dy

BAnterlayer distance af

. e A C oA s . . v oa gz Ok
A Ol AAO AT A OEA TAOOOA T A& #.4560 xAl10 & >
PEstimating topological indices 0.32nm¢ g¥ ¢0.35nn
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PARTTWO

Raman spectra of the first three CNTs were used in two ranges:

wrequency region 5@ 350 cm! (the radial breathingike modes range) . = CNT,
ufrequency region 120 1800 cm! (the Gmode range)
g
~ CNT1 “
E} CNT2 0
g ONT3 M
E P
% & l | J g
£ " ¢ CNGL
:
3
1000 1200 1400 1600 1800 2000 -z 160 o 3% #
frequency (in cm-1) -
Raman spectra of the CNTs in the D arddgle range E CNT,
27.5
o =228 Wio(d) =1582 =, PR e e
WRBLM d Raman shift (cm~-1)
[ 928 for semiconducting chiral
do = , 388 Raman spectra of three CNTs in the RBLM range
J@EBMY? - 228 6, o (d) =1582 =
Co =0.065 nni? d

for metallic chiral
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PARTTWO

Pythoncodefor determining(m,n)

def mn_pairgdiameter, interval):
count=0
m_n=[]
for m in range(1,int((diameter/0.079)+1)):
for nin range(0,m+1):

—CNT1

if((0.079*math.sgrt(n*n+m*m-+n *m))>=((diameter -interval)) and ——CNT2

(0.079'math.sgrt(n*n+m*m-+n*m))<=((diameter+interval ))): ——am

count+=1
m_n.append((m,n))

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

Raman intensities (a.u.)

o]
return m_n T T T ST T

1000 1200 1400 1600 1800 2000

frequency (in cm-1)

DependencbetweenG-peakcomponentandthe CNT conductivity
Nanotube conductivity Componentsnumber G-peak profile

Semiconductinghiral (SC) 2 LO: narrow,symmetric

TO: narrow,symmetric

Metallic chiral (MC) 2 LO: broad,asymmetric

TO: narrow,symmetric
Armchair 1 TO: narrow,symmetric
Semiconductingigzag(SZ) 1 LO: narrow,symmetric

Metallic zigzag(MZ) 1 LO: broad,symmetric
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PARTTHREE

One peak in the RBLM Raman spectrum regi@INT is SWCNT.

s 350

0 50 100 150 200 250 300 350 400

d® =dfY 0.665nm

Raman intensities (a.u.)

The diameter is lower than 1 nm, the possibier() assignment was

. N . R trum RBM for CNT
performed using Python programming in the interyal® - 0.02,dY +0.02} aman spectrim or

—CNTL
. : : . : I Asacrems

1200 1300 1400 1600 1700 1800

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

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

oY he armchair type (5,5) would show one narrow and symmetric G
peak.

Raman intensities (a

Raman spectrum @ode for CNT,

o he chiral metallic (6,3), (7,1), and (8,2) would show two components
of the Gpeak, one being narrow.

Y 'here is one possibility left, th@gzag metallic CNT (6,@yhich is in an
accordance to the broad and asymmetrigp€ak.

Visual model of (6,0) CNT
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PARTTHREE

Two peaks in the RBLM Raman spectrum regiGNT, is DWCNT. s
d® =1.63 g
d32>d= 23 5
a =—°_—' .335, which is the equilibrium distance for DWCN ¢
£
©
Two components og the-Beak are located at frequencies i - - - l = - - -
1570.98 cnt and 1574 cmi.
The use of the following tube diameter estimating equations: Raman spectrum RBLM for CN;T
B 275 k)
Wo(d) =1582 7=, 1) § | —om
for semiconducting chiral é
38.8 =
nfq(d) =1582 7 2) :
@

for metallic chiral 1200 100 w0 1500 1000 1700 1600

Two diameters are estimated: Raman spectrum dENT in the Gmode range

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

d{?) =2.25nm, 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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PARTTHREE

The diameters are-2.5 nm, the possiblai{,n) assignment was performed
using Python programming in the interal(® - 0.01,d® +0.01)
B)

(22,11) (12,12)  The table shows possiblmfn) assignments for both

(25,7) | (13,11) . . : N
27.4) (17.6) diameters, which leaves us with 16 possibilities.

(28,2)  (19,3)

wQualitative analysis of the-@eak 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 otMC@SC or
SC@MC this corresponds to the implications from eq 1) and 2).

o' he only assignment satisfying MC condition is (25,7). Therth@e

possibilitiesSC@MC: (13,11)@(25,7), (17,6)@(25,7), and (19.3)@(25, Rlisual model of: A) (17,6)@(25,7) DWCNT

. . B) (19.3)@(25,7) DWCNT
wI'he 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

uBoth DWCNTSs (17,6)@(25,7), and (19.3)@(25,7) are equally possible.

Suggestionadditional performing EDP analysis would determmmf@ ratio. It is highly expected for this method to differentiate the two options and
leave onlyone candidate



