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The Synthesis and Raman Characterization of N Type and P Type
Intercalation Compounds from Trilayer Graphenes
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Abstract: We prepared trilayer graphene by the means of micromechanical cleavage.
Trilayer graphene were intercalated into stage-1 anhydrous ferric chloride (FeCly) and po-
tassium (K) intercalation compounds using a two-zone vapour transport method. The 2D
band of trilayer graphenes has a distinct lineshape, which can be used as a fingerprint for
characterizing trilayer graphenes. The Raman spectra of stage-1 trilayer graphene interca-
lation compounds indicate that each graphene layer between intercalant layers behaves as a
decoupled heavily doped monolayer graphene. The multilayer graphene intercalation com-
pounds with nano-scale thickness have great potential for investigations of fundamental
physics and for their applications in electronics and photonics.
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Fig.1 Schematic of stage 1~3 graphite intercalation compounds
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Fig. 3 (a) Electronic band structure of trilayer graphene (3LG) and the illustration of double resonance scatter-
ing for its 2D band. (b) The fit to the 2D band of trilayer graphene by seven Lorentzian peaks with the

same full width at half maximum of about 25 cm™'
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Fig.4 Raman spectra of pristine (gray-solid lines) and intercalated (black-solid lines) 3LG, and pristine
(gray-dashed lines) and intercalated (black-dashed) graphite with intercalants of (a) FeCl; and (b) K
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The inset shows a Breit-Wigner-Fano band at S61cm™ " in K-intercalated graphite. The Raman spectra

were excited by a 532 nm laser

Fano ( 4b 1500 em ™!
) G
1599 cm ! ; o
G ; ,
G
[9] . 4b [29] s
. 560 cm ! n
1500 cm™ Fano o 4b ,
, i 1500 em™!
, Fano .
AB AA , . ; 1500 em™!
; Fano n
560 cm ™! ; o
M r G Fano
c, U, . 1500 cm™! E,,
(o, 2] Fano
Fano ; 1585ecm™!  E,,
, 560 cm ! S
Fano o , N D
, 1530 cm ! s,
, . .G Fano
1590 em™* E,



334

23

[1]

2]

(3]

(4]

L6]

7]

(8]

(9]

2D ,

2D

Novoselov K' S, Geim A K. Morozov S V., et al.
Electric field effect in atomically thin carbon films
[J]. Science, 2004, 306(5696): 666—669.

Geim A K, Novoselov K S, The rise of graphene
[J]. Nature Materials, 2007, 6(3); 183—191.
Geim A K. Graphene: Status and Prospects [ J].
Science, 2009, 324(5934): 1530—1534.
Bonaccorso F, Sun Z, Hasan T, et al. Graphene
photonics and optoelectronics [ J]. Nature Photon-
ics, 2010, 4(9) . 611—622.

Zhao W J, Tan P H, Zhang J, et al. Charge transfer
and optical phonon mixing in few-layer graphene
chemically doped with sulfuric acid [J]. Physical Re-
view B, 2010, 82(24). 245423.

Zhao W J, Tan P H, LiuJ, et al. Intercalation of
Few-Layer Graphite Flakes with FeCl;: Raman
Determination of Fermi Level, Layer by Layer De-
coupling, and Stability [J]. Journal of the Ameri-
can Chemical Society, 2011, 133 (15):. 5941 —
5946.

Jung N, Kim N, Jockusch S, et al. Charge Transfer
Chemical Doping of Few Layer Graphenes: Charge
Distribution and Band Gap Formation [J]. Nano Let-
ters, 2009, 9(12): 4133—4137.

Zhan D, Sun L, Ni Z H, et al. FeCl;-Based Few-
Layer Graphene Intercalation Compounds: Single
Linear Dispersion Electronic Band Structure and
Strong Charge Transfer Doping [J]. Advanced
Functional Materials, 2010, 20:3504—3509.

Dresselhaus M S, Dresselhaus G. Intercalation com-

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

pounds of graphite [ J]. Advances in Physics, 2002,
51(1): 1—186.

’ ’ ’

0l ,
1996, 8 (3): 125 — 130 (Tan Pingheng, Yue
Kwok To, Huang Fumin, et al. A Comparative
Raman Study of Carbon Nanotubes and the High-
ly Oriented Pyrolytic Graphite [J]. The Journal
of Light Scattering, 1996, 8(3).: 125—130).
[J]. ,1998, 10(1):
10 — 16 (Huang Fumin, Yue Kwok To, Tan
Pingheng, et al. Raman Spectra of Carbon Nano-
tubes and Their Temperature Effect [J]. The
Journal of Light Scattering, 1998, 10(1);:10 —
16).
[yl 1999, 11(1):36—45
(Wang Yufang, Lan Guoxiang. Structure, Sym-
metry and Lattice Dynamics of Carbon Nanotubes
[J]. The Journal of Light Scattering, 1999, 11
(1):36—45).
[1l. ,2001, 13
(2):108 — 113 (Wang Yufang, Zhang Zhensh-
eng, Liu Haoran, et al. Effect of Catalyst Con-
centration on the Synthesis of Single-walled Car-
bon Nanotubes [ J]. The Journal of Light Scatter-
ing, 2001, 13(2):108—113).
[l ,2003, 15
(3):166—169 (Hao Zhigiang, Wang Yufang, Li
Liwei, et al. The Raman Research of Single Wall
Carbon Nanotubes at High Temperature [ ] ].
The Journal of Light Scattering, 2003, 15(3):
166—169).
Tan P H, Deng Y M, Zhao Q, etal. The intrin—
sic temperature effect of the Raman spectra of
graphite [J]. Applied Physics Letters, 1999, 74
(13): 1818—1820.
Ferrari A C, Meyer J C, Scardaci V, et al. Ra-
man spectrum of graphene and graphene layers
[J]. Physical Review Letters, 2006, 97 (18):
187401.
Ferrari A C. Raman spectroscopy of graphene
electron-phonon cou-

and graphite; Disorder,

pling, doping and nonadiabatic effects [J]. Solid



335

[18]

[19]

[20]

[21]

[22]

[23]

State Communications, 2007, 143(1—2). 47—
57.

Saito R, Jorio A, Souza A G, et al. Probing
phonon dispersion relations of graphite by double
resonance Raman scattering [ J]. Physical Review
Letters, 2002, 88(2). 027401.

Tan P H, An L, Liu L Q, et al. Probing the
phonon dispersion relations of graphite from the
double-resonance process of Stokes and anti-
Stokes Raman scatterings in multiwalled carbon
nanotubes [ J]. Physical Review B, 2002, 66
(24): 245410.

Tan P H, Hu C Y. Dong J. er al. Polarization
properties, high-order Raman spectra, and fre-
quency asymmetry between Stokes and anti
Stokes scattering of Raman modes in a graphite
whisker [ J]. Physical Review B, 2001, 64(21):
214301.

Tan P H, Deng Y M, Zhao Q. Temperature-de-
pendent Raman spectra and anomalous Raman
phenomenon of highly oriented pyrolytic graphite
[J]. Physical Review B, 1998, 58(9). 5435 —
5439.

Tan P H, Tang Y. Deng Y M, etal. Resonantly
enhanced Raman scattering and high-order Raman
spectra of single-walled carbon nanotubes [ J].
Applied Physics Letters, 1999, 75(11): 1524 —
1526.

Malard I. M, Pimenta M A, Dresselhaus G. er
al. Raman spectroscopy in graphene [J]. Physics

[24]

[25]

[26]

[27]

[28]

[29]

[30]

Reports-Review Section of Physics Letters,
2009, 473(5—6): 51—87.

Eklund P C, Subbaswamy K R. Analysis of Bre-
it-Wigner Line-Shapes in the Raman-Spectra of
Graphite-Intercalation Compounds [ J]. Physical
Review B, 1979, 20(12). 5157—5161.
Novoselov K S, Jiang D, Schedin F, et al. Two-
dimensional atomic crystals [J]. Proceedings of
the National Academy of Sciences of the United
States of America, 2005. 102 (30). 10451 —
10453.

Thomsen C, Reich S. Double resonant Raman scat-
tering in graphite [ J]. Physical Review Letters,
2000, 85(24) . 5214—5217.

Partoens B, Peeters F M. From graphene to graph-
ite; Electronic structure around the K point [ J].
Physical Review B, 2006, 74(7): 075404.

Ohta T, Bostwick A, Mcchesney J L, et al. In-
terlayer interaction and electronic screening in
multilayer graphene investigated with angle-re-
solved photoemission spectroscopy [J]. Physical
Review Letters, 2007, 98(20): 206802.

Gruneis A, Attacclite C, Rubio A, et al. Angle-
resolved photoemission study of the graphite in-
tercalation compound KC;: A key to graphene
[J]. Physical Review B, 2009, 80(7): 075431.
Saitta A M, Lazzeri M, Calandra M, eral. Giant
nonadiabatic effects in layer metals; Raman spec-
tra of intercalated graphite explained [J]. Physi-
cal Review Letters, 2008, 100(22): 226401.



