J. of Nucl Sci. and Tech. ‘ﬁ’ Slaten 055 5 p 5k Galoee
84, 2018, 32-41 P FIFY ATV AF
29 ouw¥T iy (Gdgleib bl Sviidb (Siluamd 9 Slwlxo (228 (wiy

r@b@n& Wyie L Saslo Jaw) o * oot 3 AY ' (G333 m> Cym>
O pl= O y@ AFONIOTTNY 1 Sy FaNio ¢ Jlos O 48 19 ¢ oSkl 13T OIKEHS sy pole (SouKiils L)
Ol = O I F1IO-1YD 1y BgMho ¢y aho St 5 SLEEINS cyly pode 0usLils .Y
Ol = Olyd AAAFAIFAYY : iy Ggio =1 P olRLI1D (pole (GOUINS (ks b 09 5 1

RS SIS 53 g et b i S0 s DLl G 4 el VT (ST Glad S50 (il 5 01313 slas ) 4 a5 b IO
s S op et ¥T 5 jal S Gl b olly Cab (g 25 gz 53 b g lalid (Gilaacd 5 Sl ¢ gm0 i) dw 4 g 4 0 YT
5 oAl 58 e,m3) C-B 5 C-C bl Gladelus ¢ Slusloes 55y 55 ok o3ls G Jay 3 ol Slalai )l 4 Olly 4 ol (slanke
G0 b alg 3 a8 edalie 5SS Gladely 4 31 by plralr 5 Gleand eole Kinles Foles Jo b Gp 4 oty VT
D sl e oby 23,8 515 aadllan 350 (s 1005 51 eslizal b =00 S 5 08 =S lad S ge (alai ) (sladalus (s 5luans
S S SU SWNT O O IACIT) 555 0 bl 50 87 Glackabg &y ACM 51t 4 A5k o3 ¥ 51 505 51 S5
OFACIT IFF8 CM™Y) 8 r il 5YL = g0 slasis & A G liie 15 (o3l (lacs ol (55 o3 Vs B F oy (glaco o |
Al P2k S SIS (ST 0l b (@50 (8 Sl 53 (2 3lpe 5 IS0 (5 DS 5 o) [ g sl
LB 3 g0 (land 5 Slwbms (o Gty b S BB 35 LG 53D Bl lade gladelay 5 Sos Sl i s (4 NO),0)

if 5

O YT s o o o5 (S Uil i Ololy sl B0 F9AlS”

Investigation of Raman Spectra of B-Doped Carbon Nanotubes by
Experimental, Computational and Simulation Methods

H.H. Bouzari?, L.F. Matin*!, R. Malekfar?, A. Shafiekhani®
1. Faculty of Science, Islamic Azad University, North Tehran Branch, P.O.Box: 1651153311, Tehran-Iran
2. Faculty of Science, Tarbiat Modares University, P.O.Box: 14115-175, Tehran-lran
3. Department of Physics, Faculty of Science, Alzahra University, P.O.Box: 1993893973, Tehran-lran

Abstract: In this paper due to the abundant and also different applications of carbon nanotubes doped
with boron, molecular vibrations related to boron element were identified and investigated in B-doped carbon
nanotubes by experimental, computational and simulation methods. In the experimental approach, Raman

spectra of MWCNTSs and B- doped MWCNTSs were recorded and the Raman active modes assigned to the
relevant specific vibrations. In the computational approach, the vibrational frequencies of C-C and C-B (pure
carbon chains and doped with boron) oscillators were simulated using simple harmonic oscillator model and
shift of vibrational frequencies toward lower wavenumbers was observed. Finally, by software simulation
approach, vibrational frequencies of carbon-carbon and carbon-boron were investigated using the Gaussian
software. The D- band intensity increased as the boron concentration reached to 3% while the center of the
peak downshifted by 8 cm™ (1336 cm™ — 1328 cm™). Doping of carbon nanotubes with the boron concentration
in the range of 4 to 10% upshifted the D- band central position by 18 cm™ (1328 cm™— 1346 cm™). The Ip-lg
ratio (the intensity of the disorder D mode divided by the intensity of the graphite G mode) was increased by
B-doping of carbon nanotubes (0.75—1.5). In conclusion, the results of the present article reveals that the
intensity and frequency variations of D and G modes in the pure and the B doped MWCNT structures were
approved with acceptable accuracy by the experimental, computational and simulation methods.
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1. Density Function Theory
2. Becke-Style Three-Parameter
3. Laser Ablation
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