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Investigation of the Adsorption Behavior of PbPc on Graphene by
Raman Spectroscopy

LING Xi ZHANG Jin’
(Center for Nanochemistry, College of Chemistry and Molecular Engineering, Peking University, Beijing 100871, P. R. China)

Abstract: Using graphene-enhanced Raman scattering, the Raman signals of molecules attached to
graphene can be obtained. For different molecules and vibrational modes, the enhancement factors are
different. Here, we have investigated the variation in the adsorption behavior of lead phthalocyanine (PbPc)
Langmuir-Blodgett (LB) films on graphene under annealing using Raman spectroscopy. With increasing
annealing temperature, it was found that the Raman intensity of the PbPc molecules first increased and
then decreased. At the sublimation temperature, the enhanced Raman signal was the strongest, indicating
that the orientation of the PbPc molecules had changed from perpendicular to parallel to the graphene
surface. As the annealing temperature was increased towards the sublimation temperature, some
vibrational modes with low Raman scattering cross-section appeared, and they were enhanced at higher
temperatures. This indicates that the PbPc molecules are deformed due to m—m interactions with
graphene, and change their structure from nonplanar to planar. When the annealing temperature was
increased even further, some new vibrational modes appeared, which can be attributed to the reduction of
Pb(ll) to Pb(0) in the PbPc molecules.
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Fig.2 (a) Surface pressure—area (7—A) curve of the LB film of PbPc; (b) the ultraviolet-vissible (UV-Vis) absorption spectra
of PbPc before (dotted line) and after (solid line) annealing at 250 °C
The peak marked by “*” is the absorption from graphene.
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Fig.3 (a) Raman spectra of PbPc LB film/graphene annealing at different temperatures;

(b) Raman enhancement factors (EF) with the different vibrational modes of PbPc after annealing at 300 °C;

(c) shift of the Raman frequency (P.—P;) with the different vibrational modes of PbPc after annealing at 300 °C

L) AR K S R A b2 i KL AT AL, BE AR
KU (T, A1 520 PbPe 2y T 845 5 2
26 3 i ek 55 PR #A, AR LT el FE B A (300 ©
C)i& Bl otk LE R IAM TAE ) X — IR AN T
4% ¥ B AR A S U GERS 2408 1928 4k, o 3
AR W R B, b B B R B R T vk, R
GERS 48 1 Ha far B RS L T S5 AT e B AL
L AT B S 1R R AR AN L9 2 e R R DE R, %
RES I 1) 7 1) FHSGHFR P AR LA k. 7 S 5 ) (1)
PbPc 4315 47 845 0] 1 T30 2 YU AH BLPAT, Bl
FE RN, MBS kA, BRI 515
AT SO R T P 20 5 S I 1) B0, R G 1)
(14 F7E GERS N (W FH R hr 245 5 19 5 5K
£ PbPc 431 T A3 B Bt 30T 1 (29 300 °C), KB4 43
TR, SR 50 550 H Ak 1) PbPe
T, BT - A TAE 22 5K IR O B R, G I,
ol N B S BT N N ) e P E VA= =R (Y
MR IA 21 8 K, PRI b7 245 5 B ok K R A A o
I J7E] A BLUE B3R 1T PbPe 43 1 F i I )
GERS #4 55% K 1 K/ & 3(b) Fl 3(c) 43 1) 24 300 °C
B G AN R4 SIS I 7 A2 1 5 D] R R 2 467 7% AR
Ak, BT, LI 5 R 7K/ B YR s B ARl v, A

IR A IR G55 R 1R/ B R S Gl an 6 1 TR it
Gh, N TET 2 Ja b, R 2 g T H A T i 4 i
ff) CuPc 73 1- LB JIEAE 300 °C 3B ‘K J& [ A 7] 3 5 45
A 7 2 1 i DA 1~ RN 7 2 A B AR 4.

FEAL S BB b, — 7 T, 5 3 R A A
T (Y SIS, o M i A OB K 5y — T L, Ty
T HEEIRAH HAE T S8 1 KA TEAR, SRR il
S R VALl s oy - A0 1R S Gl = | 14
PR AR Ay i 2 A L I 3RO P T T
S e I £ B o 22 e /31 O/l R R B ¥ e L
WA B VR, 5 A S IR 3l (L 8K 75 24 2
RURT A OCHIHRZ) AR B R g i, HL T 48
FRH 23 15 40 S0 AT P T 4504, A1 VR 3 3500
TEAR /N, AN SR B ) AR AR IS I b7 24
FEARA R AR (LA CuPe A, W3R 2 i), H AL
58 55 K AR B ARk 5 3 U 1 AH DG ) C— N i B
SR (T 26 2 1530.8 em™ JiR SR, B 945 R0
43.2). 1M £ PbPc 43 1 H, 38 5if fge K 10 4 ) A T
1360 e i g, & LG IR E C—NAH R I PR zh B,
LR N7 2 0 26, 1 9T AE 5 22 B UR A C—
N A 455 95 3 15.(1536.6 cm™) (14 3845 50k 17). It
A, Hodth SRER IR | C—N ARSI R A T



No.10 WA R B A SR R I B AT A B 2 6 I T 2359

F1 PbPc HFRMERIRENE TN FR SMBEL IEBREFRIRANRAIHIA

Table 1 Raman shift change, Raman enhancement factors, and assignment of the vibrational modes of PbPc molecule after

changing the orientation to the lying-down

Raman shift/cm™ P,—P, EF Symmetry assignment” Vibrational assignment™
184.3 -0.19 4.2 B,
205.8 -0.78 5.7 B,
228.9 -0.41 3.5 A bre., PbN; sy. str., N.C sy.B
482.4 -0.02 32 B, Ben sw., CC N,C PbN, B
520.4 -0.15 3.5 B,
540.5 -0.77 6.5 B,
566.4 -0.15 4.8 A bre., PbN; sy. str., CC sy.B,
680.9 -0.27 53 A N.C CC sy.B, CN; PbN, CC str., CH IPB
722.8 -0.28 5.9 B, N,C sy. B, PbN, CC CN; str.
796.6 -0.34 6.1 A PbN CN CC CH OPB, CC CN PbN str.
888.81 -0.23 6.6 B,
1008.2 -0.23 5.8 B, PbN; sy.B, CC CN str.
1025.3 -0.37 4.5 E
1081.8 -0.21 7.4 B, PbN; N.C sy.B, CN; CC str., CH IPB
1106.0 -0.05 4.8 A PbN; CNCC str.,, N,C sy.B, CH IPB
1120.1 0.10 4.7 E CH IPB, PbN CN CC str.
1141.4 0.65 13.2 B, PbN; CN, CC str., CH IPB
1182.7 -0.70 53 B CC CN str., PbN, N,C sy.B, CH IPB
1193.6 0.27 6.4 E
1228.8 -0.23 6.0 B, PbN CN, CC str., CH IPB
1291.4 0.01 43 A PbN CN CC sy.str., CN, sy.B
1311.7 0.03 6.1
1335.2 -2.59 4.1 E Ben CC asy. str., CH IPB,. CC CN str.
1338.6 -5.98 15.9 E Ben CC asy. str., CH IPB,. CC CN str.
1360.4 -0.74 26.1 B, CC CNistr., CH IPB
1428.6 -0.21 8.6 B, CH IPB, CC str.
1450.5 -0.43 12.7 B, E CH IPB, CC str.
1479.3 0.21 6.7 A CN CC str., CNysy. B, CH IPB
1511.2 -0.88 11.6
1536.5 0.90 17.7 B, CN CC str., CNisy. B
1541.2 -0.64 10.5

* Ben: benzene; IPB: in-plane bending; OPB: out-of-plane bending; str.: stretching; exp.: expanding; sw.: swing; sy.: symmetry: asy.: asymmetry;

bre.: breathing; N,: nitrogen atom joined to the central metal; N,: nitrogen atom not joined to the central metal
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Table 2 Raman shift change, Raman enhancement factors, and the assignment of
the vibrational modes of CuPc molecule after changing the orientation to the lying-down’

Py(RT) Py(after annealing at 300 °C) P—P, EF Symmetry assignment and mode description

233.0 233.1 0.1 3.5 B,,, macrocycle bending

255.3 256.2 0.9 39 A, in-phase isoindole

483.8 483.2 -0.6 1.7 Ay, out-of-plane pyrrole ring vibration

679.0 680.3 1.3 6.0 A, macrocycle breathe symmetrically

747.2 746.9 -0.3 9.5 B, deformation of the macrocycle

951.9 952.2 0.3 4.7 B, specific deformation of the macrocycle
1106.1 1107.1 1.0 3.0 B, antisymmetric vibration of isoindole ring
1140.4 1141.6 1.1 259 B, deformation of the isoindole ring system
1307.0 1308.1 1.0 5.2 B, antisymmetric vibration of isoindole ring
1341.8 1341.9 0.1 24.1 A, symmetric vibration of isoindole ring
1453.8 1452.4 -14 10.8 B, deformation of the isoindole ring system
1530.8 1530.7 0.0 43.2 Ai,, symmetric stretching motion of isoindole groups
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Fig.5 Schematic illustration of the change of the adsorption behavior of PbPc molecule on graphene during annealing
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RAAR. XA R L S 1531 em™ F g H LK)
FHE R AL R B, 75 TH B 4>, @1 CuPe 4
T, B[R] € — NAR G 41 215 H IR 1) 437 2 R R 1531
em™, 1M Cu J5 - BKH 87 )5 9E 4 8 BL# (HoPe) %
Jis RS AR 2, TR G K5 20 2% i ROST #8 PbPe /M
Z. X5 & W PbPc 4 0 A Pb B P A
SRR I 5, IO IR A L, PR R TR )RR, A
Jes A5 N, WS C O D SR AR AN AT
1531 e R BNAL, KT HT I $2 201K 749 em™ PR BN AL,
HARILTT LLH R T PbPe 20 1 IR b7 2 V5 AR, 6 T4
G TR ER 2 7, B B AT A% BT 1) 3 3l 5,
DRI 17, 76 Y B T v 42 400 °C J, 1% ¥ 5 B i i 4
300 °C I B 5, 55 PbPe 73 1 #iid J A7 5%, kA,
T A — RUR, AU TAE o, 75 3L P 4 s K
00T I WS B R 2GR AL,
FEAT LR AR (1) P 1B R B R S A AR
AHEAE IR PR AR R N (2) ~F 18146 K 408 5t
IEEN SN PN L U

4 & B

PLAEF- 1 (1) PbPe 73 AF R4, 1ER Kl B2 T+
e R T R A S B R B 2 U RO, LA
A1 SR (R B AT AT T R ER. &5 SRR, Bl
F 1B KR I TF iy, PoPe 43 1 LB IS 7E A7 88445 22 1
RAETWE S Bz 1b: (1) 2 FEU B AR R
Pb & 154N )P B L 1R), 5 50 PbPe 73 1 A1 sk I
SiPL 2O AR 5 1 98 (2) th T PbPe 7 155 A7 s i
2 A SR B AR HAE L, PoPe 4 1 R A IBAS, #am T
5 B IG R M PAT B A, 5 B0 BRI IR, ikt
— BB R Z AR 2 O A T AR K R e (1 766
749 cm™") Hl— LB YR F AR 1K) 4K AL S (W1 1340 em™);
(3) Pb(IT)Pc 74 45 vy it B T Bl A7 55 0 3140 B il Pe
Hr Po J5 T, BT B R B JE R, B B by 2 R AE 3R )
I LB S i B (9 T v i 4 5 (749 1531

cm™).
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