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Supporting Information Text 1: Preparation and Raman spectral mapping of 

graphite/H2Pc (ML) reference sample     

A cylindrical graphite electrode for thermal evaporation of carbon was cut in half to produce a 

flat surface. The surface was then rubbed and polished by abrasive papers of decreasing 

abrasivity, and finally polished by a filter paper. The surface appeared to be flat and smooth, 

however, its SEM imaging revealed the presence both of the flat and smooth areas (Fig. S1, 

image A) and of the corrugated ones (Fig.S1, image B). Imaging with the optical microscope of 

the Raman microspectrometer revealed that the flat and smooth areas can be found also on the 

optical images (Fig. S2), and used for the subsequent Raman mapping. Moreover, the areas 

suitable for mapping of the graphite/H2Pc reference samples could be identified also by the 

Raman spectra resulting from mapping of the parent graphite surface. The Raman maps of the 

appropriate areas showed a very low intensity of the 1344 cm-1 graphite band, in contrast to 

those of the corrugated ones, in which this band was very intense.  

  Graphite/H2Pc monolayer (ML) samples were prepared by a similar strategy as those of 

glass/SLG/H2Pc, i.e. first by soaking in H2Pc solution in toluene and by a subsequent repeated 

soaking in pure toluene. Nevertheless, owing to stability of the graphite substrate, the preparation 

protocol could be simplified by its immersion into the solution and the solvent, respectively, 

(rather than only overlayed by each of them). Therefore, graphite was immersed into H2Pc 

solution in toluene for 2 hours, dried by filter paper and then repeatedly immersed into pure 

toluene for ~24 hours. Achievement of a ~ monolayer coverage was established in a similar 

manner as in the case of glass/SLG/H2Pc sample. 

  The parameters of the spectral maps acquisitions at each of the excitation wavelengths were the 

same as for the glass/SLG/H2Pc samples. Nevertheless, owing to the above mentioned 

inhomogeneity of the graphite surface, it became crucial to acquire the Raman maps from exactly 

the same (carefully selected) flat and smooth area of the graphite surface (depicted in Fig S2) for 

both the graphite substrate itself, and for each of the graphite/H2Pc samples at each of the 

excitation wavelengths. Fulfillment of this condition was accomplished by construction and 

application of a special sample holder, and it was repeatedly controlled by the optical imaging.       



 

Fig. S1 SEM images of rubbed and polished graphite surface: (A) flat area, (B) corrugated area. 

 

 

 

Fig. S2 Optical image of a flat and smooth location on graphite/H2Pc surface from which Raman 

maps were acquired. 

 

  



 

Fig. S3 Electronic absorption spectrum of a filtered saturated (<5x10
-5

 M) solution of H2Pc in 

toluene. 

 

 

 

Fig. S4 Raman spectra (500-1700 cm-1) of  glass/SLG/H2Pc (BL)-I (black), glass/SLG/H2Pc 

(ML)-VI (red)  and  glass/SLG/H2Pc (ML)-X (blue) systems at 532 nm excitation. 

 

 

 

 



 

Supporting Information Text 2: Details of the assignment of the H2Pc Raman spectral 

bands in the hybrid systems. 

  Since the vast majority of spectral bands observed in the spectra of all hybrid samples can be 

related to their analogues in the previously reported Raman spectra of H2Pc in thin films 
16,17,20

  

and in a KBr pellet 
8,21

, the previously published assignments of Raman spectral bands can, in 

principle, be used. A normal coordinate analysis (NCA) has not been reported for H2Pc. 

Nevertheless, the NCA performed for FePc metallophthalocyanine indicates a strong vibrational 

coupling of the individual (characteristic) modes and, consequently, a strong vibrational 

delocalization of normal modes over the Pc macrocycle.
39

 Consequently, the assignment of H2Pc 

vibrations based on the DFT (density functional theory) calculations 
8,21

  appears to be more 

comprehensive than the previously published empirical one.
16

  The former assignment has thus 

been adopted into Table 1.  

Raman active vibrations of H2Pc molecule belong to Ag, B1g, B2g and B3g symmetry species. 

Nevertheless, only the bands of Ag and B1g in plane vibrations are usually observed in Raman 

spectra of H2Pc.
8
 It should be noted that both the Ag and B1g Raman active vibrations experience 

a resonance enhancement upon excitations overlapping with the Q-band spectral region. 

Excitations at the wavelengths matching those of the purely electronic Qx (0-0) and Qy(0-0) 

transitions lead to the resonace enhancement of totally symmetric Ag modes by the Franck-

Condon mechanism. In addition to that, the B1g modes are enhanced by the Herzberg-Teller 

mechanism originating from coupling of the close lying Qx and Qy excited electronic states by 

vibrations of B1g symmetry. Furthermore, excitations falling into the vibronic side-band of the Qy 

band (originating from coupling of the B, i.e. the Soret, and the Q electronic transitions) also lead 

to the resonance enhancement of both Ag and B1g vibrations.
 16,17

         Assignment of the Raman 

spectral bands of H2Pc in the KBr pellet to Ag and B1g symmetry species based on the DFT 

calculation has been performed.
8
  For the experimental verification of this assignment, we 

attempted to determine the depolarization ratios of Raman spectral bands at an off-resonance 

excitation (to avoid observation of anomalously polarized bands). Since solubility of H2Pc in 

toluene was not sufficient for this purpose, depolarization ratios of Raman spectral bands were 

obtained from Raman spectral polarization measurements of an aqueous solution of the water 

soluble derivative of H2Pc, namely H2Pc-TS (TS= tetrasulphonatophenyl), at 532 nm, i.e. by the 



strategy previously employed for FePc [39]. Comparison of the polarization characteristics (p-

polarized, dp-depolarized) of the H2PcTS Raman spectral bands with the symmetry species (Ag 

or B1g) assigned to the corresponding bands of the H2Pc vibrations in the glass/SLG/H2Pc (ML)-

X system on the basis of the results of the DFT calculation for H2Pc is shown in Table S1, and 

the results have been incorporated into Table 1. The match between the DFT-calculated and  the 

experimentally determined symmetry properties of vibrations derived from the depolarization 

ratios of their spectra bands  (p-A1g, dp-B1g) has been obtained for all the Raman bands with a 

clearcut correspondence between the H2Pc and H2Pc-TS spectral bands. (Table S1).  

 The wavenumbers of Raman spectral bands observed for the glass/SLG/H2Pc(BL)-I hybrid 

system at 633 nm (Fig. 2, spectrum b), in comparison to those in the previously reported Raman 

(GERS) spectra of the Si/SiO2/SLG/H2Pc hybrid system of about 0.2 nm thickness measured at 

this particular excitation wavelength,
3
 show a good mutual agreement. In addition to those 

reported previously,
3
 we report the spectral bands in the 400-600 cm

-1
 region, namely those at 

484, 544 and 569 cm
-1

as well as two new spectral bands at 750 and 951 cm
-1

. All the spectral 

bands in the spectra of glass/SLG/H2Pc (BL)-I at 633 nm excitation have their analogues in the 

newly reported spectra at the 647 nm excitation (and most of them are observed also at 785, 830 

and 532 nm excitations) (Fig. 2 and Table 1). At both 633 and 647 nm excitations, we observe 

also analogues of the 766, 1159 and 1407 cm
-1

 bands (namely at 768,1162 and 1406 cm
-1

) which, 

in ref. 3, were assigned to the SLG activated IR (infrared) modes. Nevertheless, in the meantime, 

analogues of these bands (765, 1155, 1407 cm
-1

) have been observed in the Raman spectra of 

H2Pc in a KBr pellet excited at 532 nm  and assigned to Raman active Ag modes on the basis of 

the DFT calculations.
21

  On the other hand, the newly observed spectral bands at 750 and 951 cm
-

1
 do not have analogues in the previously published Raman (and/or GERS) spectra of H2Pc. 

3,16,21 
 

Since these bands belong neither to Raman bands of toluene (used as solvent for H2Pc deposition 

by adsorption) nor to those of impurities originating from the SLG deposition (they are absent in 

Raman spectra of the parent glass/SLG system, Fig.S7 spectrum d), their origin deserves a more 

thorough discussion provided below.  

  The 750, 958, 1218 and 1533 cm
-1

 Raman bands of H2Pc are the spectral features related to the 

SLG-H2Pc interaction in glass/SLG/H2Pc hybrids. Of these, the 1533 cm
-1

 band occurs 

specifically upon SLG-H2Pc (ML) interaction. We note that the 750 and 958 cm
-1

 bands (which 

do not have any previously reported Raman analogues) do have their counterparts in the IR  



spectra of H2Pc, namely the 752 and 952 cm
-1

 bands assigned to the out of plane N-H and out of 

plane C-H deformation modes, respectively.
21,40,41

 Their Raman spectral activation by the SLG-

H2Pc interaction could presumably be related to a decrease of the effective symmetry of H2Pc 

molecule (D2h→D2d) by its axial interaction with SLG. It should also be noted that the graphite-

SLG interaction is not strong enough to induce such effect, since the two above mentioned bands 

are virtually absent in the Raman spectra of graphite-H2Pc (ML) system. A probable reason for 

the graphite –H2Pc interaction being weaker that SLG-H2Pc one is the fact that in the graphite-

H2Pc system, the top graphene layer of graphite interacts with both H2Pc and with the other 

graphene layers in graphite. 

  A similar argument, i.e. the relatively strong SLG-H2Pc interaction, can be used for explanation 

of the appearance of the 1218 cm
-1

 Raman band (belonging to B1g symmetry mode), as well as of 

the 1533 cm
-1

 in the spectra of glass/SLG/H2Pc hybrids.  Nevertheless, the origin of the latter 

band requires a closer inspection for the following reasons. First, its observation is limited to the 

glass/SLG/H2Pc/ (ML) samples VI and X, however, its actual relative intensity is different for the 

sample VI and X, and, for the sample X, it becomes the most intense Raman spectral band of 

H2Pc. Secondly, in the spectra of both samples VI and X, this band is observed as the part of a 

doublet with a close-lying band at 1545 cm
-1

 which decreases in its relative intensity for the 

sample X with respect to the sample VI. The latter Raman spectral band is, in turn, typical for the 

spectra of both glass/SLG/H2Pc(BL)-I and graphite/H2Pc (ML) hybrids. 

 This single Raman band observed at 1543 cm
-1

 for glass/SLG/H2Pc(BL)-I and at 1544 cm
-1

 for  

graphite/H2Pc (ML) corresponds with the 1540 cm
-1

 band of H2Pc in the KBr pellet assigned to 

the C-Nm-C asymmetric stretching and  C-NH-C symmetric stretching, i.e. to the overall motion 

of 16 C-N bonds of Ag symmetry. 
8,21

  This band has also been denoted as the cavity size marker 

on the basis of the spectra of various metallophthalocyanines 
42

. In the case of H2Pc Raman 

spectra, this band has also been observed in the 1534-1539 cm
-1

 range for various samples of the 

α -H2Pc polymorph films 
16,17,20

  and as a 1539 and 1525 cm
-1

 doublet for the β -H2Pc polymorph 

films. In the latter case, observation of a doublet can be attributed to the presence of two non-

equivalent H2Pc molecules in the unit cell. 
9
  

   In search for a possible explanation of observations of the 1545, 1533 cm
-1

 doublet in Raman 

spectra of hybrid systems constituted by SLG and a monolayer of H2Pc molecules, we speculate 

that there can actually be two types of adsorption sites for H2Pc on SLG, and that at one of them, 



the SLG-H2Pc interaction is stronger than on the other. This, in turn, could result into observation 

of two C-N-C mode bands. Furthermore, the additional soaking of the sample VI in toluene could 

lead to reorganization of molecules within the adsorbed H2Pc monolayer resulting into a higher 

population of the sites with a stronger H2Pc -SLG interaction in sample X . This, in turn, can lead 

to the the gain of the 1533 cm
-1

 band intensity on the expenses of that of the 1545 cm
-1

 band. 

Importantly, the exchange of relative band intensities of the two above mentioned bands projects 

itself into the wavenumbers of the corresponding overtone bands, which are observed at 3080 cm
-

1
 for sample VI and at 3060 cm

-1
 for sample X (Table 2 and Figs.S5 and S6). In particular, 

observation of the 1533 cm
-1

 band overtone at 3060 cm
-1  

indicates, that the corresponding 

fundamental is of Ag symmetry and can thus be attributed the combined C-N-C vibrational mode. 

This assignment has been incorporated into Table 1. 

Note: the references correspond to those listed in the paper. 

  



Table S1: Wavenumbers of H2PcTS Raman spectral bands (in an aqueous solution) and their 

polarization (p = polarized, dp = depolarized), wavenumbers of H2Pc Raman spectral bands in 

glass/SLG/H2Pc-X hybrid system and the symmetry of corresponding modes from DFT 

calculations by Murray et al. 
21

. The 1276 cm
-1

 band (marked *) belongs to sulfonate group
39

  

  

Band wavenumbers 

of H2PcTS (cm
-1

) 
Polarization 

Band wavenumbers 

of H2Pc (cm
-1

) 
Symmetry 

576 p 545 Ag 

588 p 597 Ag 

688 p 684 Ag 

727 p 726 Ag 

805 p 798 Ag 

  1010 Ag 

1020 dp   

1035 dp 1029 B1g 

1071 dp 1085 B1g 

1103 dp 1111 B1g 

1128 dp   

  1145 Ag 

1180 p 1185 Ag 

1190 dp 1197 B1g 

1228 dp 1219 B1g 

1276 * –  

1312 dp 1311 B1g 

1337 p 1343 Ag 

1394 p 1408 Ag 

1431 dp 1431 B1g 

1463 p 1453 Ag 

1518 p 1512 Ag 

1535 dp 1532 – 

 p 1544 Ag 

1578 P –  

1614 dp 1620 B1g 



 

Fig. S5  Full range (400-4000 cm-1) Raman spectra of (a) glass/SLG/H2Pc (BL)-I, (b) 

glass/SLG/H2Pc (ML)-VI and (c) glass/SLG/H2Pc (ML)-X systems at 633 nm excitation. 

 

 



 

Fig. S6  Full range (400-4000 cm-1) Raman spectra of (a) glass/SLG/H2Pc (BL)-I,  

(b) glass/SLG/H2Pc (ML)-VI and (c) glass/SLG/H2Pc (ML)-X systems at 647 nm excitation. 

 

  



 

Fig. S7 Comparison of the full range Raman spectra of glass/SLG/H2Pc systems (a) (BL)-I, (b) 

(ML)-VI, (c) (ML)-X and of (d) glass/SLG reference system at 532 nm excitation. 

 



Table S2: The 2D mode dispersion in the parent glass/SLG system and in the hybrid system with 

H2Pc  

 

  

 

Excitation 

wavelength [nm] 

glass/SLG/H2Pc 

– I 

glass/SLG/H2Pc 

– VI 

glass/SLG/H2Pc 

– X 
glass/SLG 

532 2692 2694 2694 2692 

633 2652 2655 2658 2655 

647 2649 2651 2651 2647 

785 2597 2596 2595 2600 



 

 

Fig. S8  Details of Raman spectral bands excitation profiles of (A) glass/SLG/H2Pc (BL)-I 

system, (B) glass/SLG/H2Pc (ML)-VI system, (C) glass/SLG/H2Pc (ML)-X system in the 532-

830 nm range (with the focus on the less enhanced bands). 
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Fig S1: Left: TEM image of a dried drop of parent Ag NP hydrosol prepared according to the ref. 

S1 (identical with the ref. 23 in the main paper). Right: Particle size distribution determined from 

the TEM image of the depositd Ag NPs hydrosol. 

 

 

 

 

 

 

Fig S2: Photographic depiction of the Ag NPs-ET interfacial nanoparticulate film preparation and 

of its transfer on a glass slide by imprinting. 



 

Fig S3: SERS spectra of SLG obtained from glass/SLG reference system at (a) 445 nm (b) 532 

nm (c) 633 nm (d) 780 nm  excitations. 

 

Fig S4: SERS spectra of Ag-ethanethiolate species obtained from the glass/AgNPs-ET array 

reference system at (a) 445 nm (b) 532 nm (c) 633 nm (d) 780 nm excitations. 



 

Fig S5: Surface plasmon extinction (SPE) spectrum of glass/SLG/AgNPs-ET hybrid system in 

relation to (i) the 633 nm excitation wavelength (unlabelled arrow), (ii) the wavelength of 

photons scattered by the G mode of SLG (1585 cm
-1

) at 633 excitation (
*
-labelled arrow) and (iii) 

wavelength of photons scattered by the 2D mode of SLG (2648 cm
-1

) at 633 excitation  (
#
-

labelled arrow). 



 

Fig S6: TEM image of the glass/annealed AgNPs array/SLG at low magnification 

Table S1: Assignment of Raman spectral bands of ethanethiol and SERS spectral bands of  Ag-

ET species in Ag NPs-ET array based on refs S1-S4.  

Average wavenumbers/cm
-1

 
Wavenumber 

range 
Type of vibration 

Ethanethiol 
AgNPs-ET 

array 
  

– 350 600 – 700  -AgS 

659 632 580 – 1000  C – S stretching 

– 964 850 – 1000  -CH3 rocking 

1090 1045 1000 – 1150 C – C stretching 

1272 1238 1200 – 1400 CH2 rocking 

– 1368 1330 – 1385 -CH3 symmetric deformation (bending) 

– 1426 1385 – 1445 CH2 scissoring deformation (bending) 

1448 1446 1400 – 1480  
CH3 antisymmetric deformation 

(bending) 

2570 – 2520 – 2600  -SH 

2737 2716 – Overtone of 1368 cm
-1

 

– 2858 2840 – 2870  Symmetric -CH2 stretching 

2870 – 2885 – 2865  Symmetric -CH3 stretching 

2927 2913 2915 – 2940   Antisymmetric -CH2 stretching 

2960 2964 2950 – 2975  Antisymmetric -CH3 stretching 

 

 



Table S2: The average SERS enhancement factors of the modes of the Ag-ET surface species in 

glass/ AgNPs-ET reference system 

λexc/nm Ef 

445 5×10
5
 

532 5×10
6
 

633 2×10
6
 

780 1×10
6
 

 

 

 

 

 

 

 

 

 

 

Table S3: Enhancement factors of ethanethiol bands in glass/SLG/Ag-NPs-ethanethihol film in 

comparison to glass/Ag-NPs-ethanethiol film 

λexc = 445 nm λexc = 532 nm 

Position Intensity 

–

reference 

Intensity 

– with 

SLG 

Ef Position Intensity 

–

reference 

Intensity 

– with 

SLG 

Ef 

633 354 275 λexc = 532 

nm 1 

633 11046 40230 3 

965 80 42 1 965 1518 5490 4 

1047 34 34 1 1047 1813 7360 3 

1238 34 37 1 1238 1576 6160 3 

1426 4 4 1 1426 489 2110 4 

1448 7 14 2 1448 579 1930 4 

2859 187 199 1 2859 8173 27000 4 

2914 799 864 1 2914 17627 97720 4 

2957 251 257 1 2957 8991 30500 4 

λexc = 633 nm λexc = 780 nm 

Position Intensity 

–

reference 

Intensity 

– with 

SLG 

Ef Position Intensity 

–

reference 

Intensity 

– with 

SLG 

Ef 

633 12525 54052 4 633 17238 19001 1 

965 1219 4936 4 965 1233 1374 1 



1047 2898 8630 4 1047 2728 3137 1 

1238 1021 3647 3 1238 788 864 1 

1426 462 1398 3 1426 948 964 1 

1448 695 2360 4 1448 1478 1524 1 

2859 2022 8817 3 2859 3958 4296 1 

2914 7050 29747 4 2914 7699 8661 1 

2957 1994 8528 4 2957 1975 2026 1 
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Figure S1 Electronic absorption spectrum of a filtered saturated (<5x10
-5

 M) solution of H2Pc in 

toluene. 

 

 

 

 



Figure S2 Schematic depiction of the final step of the glassI/AgNPs/SLG/H2Pc(ML) hybrid 

system preparation: overdeposition of the glassI/AgNPs/SLG hybrid system by a monolayer 

(ML) of H2Pc molecules. 

 

Text S1 

A generally known formula for calculation of the standard deviation for a function u of two 

variables (x,y), each of which suffers from random errors: 

 

𝑢 = 𝑢(𝑥, 𝑦) 

𝑠𝑢 = √(
𝜕𝑢

𝜕𝑥
)
2

𝑠𝑥̅
2 + (

𝜕𝑢

𝜕𝑦
)
2

𝑠𝑦̅
2 

 

has been adapted for calculations of the average standard deviations of the average values of 

enhancement factors (EFs) and of the normalized band intensities. As an example, the formula 

for calculation of the average standard deviations of the average values of SERS EFs is provided: 

 

𝑠𝐸𝐹 = 𝐸𝐹√(
𝑠𝐼𝑆𝐸𝑅𝑆
𝐼𝑆𝐸𝑅𝑆

)
2

+ (
𝑠𝐼𝑅𝑅𝑆
𝐼𝑅𝑅𝑆

)
2

 

 

where  

sEF =  average standard deviation of the average value of SERS EF 

EF =   average value of SERS EF 

ISERS  = average value of SERS spectral bands intensity 

IRRS  =  average value of RRS spectral bands intensity 

𝑠𝐼𝑆𝐸𝑅𝑆 = average standard deviation of the average SERS spectral bands intensity 

𝑠𝐼𝑅𝑅𝑆=   average standard deviation of the average RRS spectral bands intensity 

The average spectral band intensity was calculated as an average of spectral band intensities at 

each of the 50 x 50 points of a 25 μm x 25 μm microRaman spectral map, and the average 

standard deviations were calculated as the average values of differences between the particular 

spectral band intensity at each point of the map and the average spectral band intensity. The 



values of the average standard deviations thus reflect the degree of heterogeneity of the 

microRaman spectral maps on μm scale.  

 

 

Figure S3 (A) - an optical image of the glassI/AgNPs/SLG/H2Pc(ML) area of the sample; (B) 

and (C) - SERS spectral maps of the G mode (1590 cm
-1

) and 2D (2595 cm
-1

) mode of SLG; (D) 

and (E) - SERS+GERS spectral maps of the 683 cm
-1

 and 1540 cm
-1

 modes of H2Pc. The spectral 

maps (B)-(D) were acquired from the same area as the optical image (A) at 785 nm excitation.  

 

Table S1 SERS+GERS enhancement factors experienced by Raman modes of the H2Pc molecule 

localized in the glassI/AgNPs/SLG/H2Pc(ML) hybrid system. 

 

Peak position [cm
-1

] EFs GERS + SERS vs RR 

 633 nm 647 nm 

484 26 ± 6 25 ± 4 

683 34 ± 7 25 ± 6 

726 14 ± 5 20 ± 3 

798 22 ± 5 28 ± 5 

1085 32± 8 27± 5 

1143 46 ± 7 53 ± 12 

1343 39 ± 5 33 ± 8 



1452 67 ± 6 72 ± 9 

1540 107 ± 15 88 ± 13 

 

Text S2  

Detailed analysis of the sequences of normalized band intensities in SERS+GERS EPs of the 

spectral bands of H2Pc localized in glassI/AgNPs/SLG/H2Pc(ML) hybrid systems   

   The sequences of the normalized band intensities in SERS+GERS excitation profiles (EPs) of 

the spectral bands of H2Pc localized in glassI/AgNPs/SLG/H2Pc(ML)  were determined at 633 

and 647 nm excitations from the complete EPs presented in Figure 5A and at 830 nm excitation 

from the detailed EPs depicted in Figure 5B. The sequences of the normalized band intensities 

were analyzed in terms of the symmetry of the corresponding vibrations and their localization 

within the H2Pc molecule. For the totally symmetric normal vibrations (Ag), their normalized 

relative band intensities are proportional to the magnitude of changes of their normal coordinates 

upon the resonant electronic transition. Their evaluation thus allows for determination of the 

localization of the resonant electronic transitions within a molecule. 
24,44

      The sequence of the 

most intense bands (maxima in cm
-1

) in EM SERS+GERS of H2Pc at 633 nm excitation  was 

determined as follows: 1540 (Ag) > 1343 (Ag)  > 1143 (Ag) > 1452 (Ag) >  799 (Ag) ~ 726 (Ag) > 

683 (Ag) >  1085 (B1g) ~ 484 (B1g).  At 647 nm excitation, the sequence of the most intense bands 

was found to be: 1540 (Ag)> 1343 (Ag) > 1143 (Ag) > 726 (Ag) ~1452 (Ag) ~ 683 (Ag) ~ 799 (Ag) 

> 1085 (B1g) > 484 (B1g). The common feature of both sequences of the spectral bands is a 

preferential enhancement of the totally symmetric Ag modes over the B1g modes, and a 

preferential enhancement of higher wavenumber Ag modes of localized on the pyrrole and on the 

benzene rings over the low wavenumber Ag macrocycle modes (the latter aspect being more 

pronounced at 633 than at 647 nm excitation). Importantly, the sequences of the most enhanced 

bands are similar to those reported for GERS of H2Pc in ref.
24

 and they indicate that both the 633 

and the 647 nm excitations fall into the electronic absorption band of the Qy 0-0 electronic 

transition within the H2Pc molecules assembled into a monolayer on the surface of SLG, i.e. upon 

the conditions of the SLG-H2Pc (ML) interaction.  

    The sequence of the most intense bands at 830 nm excitation was established as: 683 (Ag) >  

726 (Ag) > 1343 (Ag) ~484 (B1g) > 1143 (Ag) ~ 1540 (Ag) > 1452 (Ag) > 799 (Ag) > 1086 (B1g).  

In contrast to the previously established sequences of the most enhanced bands at 633 and 647 



nm excitation, the low wavenumber bands of the H2Pc macrocycle are among the most enhanced 

bands in SERS-GERS of H2Pc. This effect is analogous to that observed for GERS of H2Pc in 

ref.
24

, however, the preferential enhancement of the low wavenumber bands of the H2Pc 

macrocycle is even more pronounced in the SERS-GERS EPs presented in this paper (Figure 5B) 

than in the GERS ones 
24

, since the low wavenumber 684 and 726 cm
-1

 bands show the largest 

normalized band intensities of all bands at 830 nm excitation. This observation thus provides a 

clearcut evidence that the LUMO of H2Pc is populated by a different electronic transitions at 830 

nm excitation than at 633 and 647 nm excitations (as depicted in Figure 7). The former electronic 

transition is attributed to the charge transfer (CT) electronic transition from the Fermi level of 

SLG to LUMO of H2Pc (first reported in ref.
24

 for GERS of H2Pc). 
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