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Figure S1. B-CQDs sample before the addition of NaOH under Uv irradiation (a), after addition of NaOH in 
daylight (b), and blue emission resulted upon adding NaOH under Uv illumination (c).

Electronic Supplementary Material (ESI) for Physical Chemistry Chemical Physics.
This journal is © the Owner Societies 2022

https://orcid.org/0000-0002-5017-0054
https://orcid.org/0000-0001-7030-7989
file:///C:/Users/Arman/AppData/Roaming/Microsoft/Word/ehsan.koushki@yahoo.com
file:///C:/Users/Arman/AppData/Roaming/Microsoft/Word/ehsan.koushki@hsu.ac.ir


Figure S2. Light green emission from G-CQDs sample excited by 365 nm Uv lamp after the salting-out process.
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Figure S3. The calculated optical bandgap energies using Tauc’s equation for WAG-, B-, and G-CQDs. The 
detail about the procedure of Tauc’s equation implementation is presented below.

Tauc plot: The absorption coefficient (α) is related to photon energy (hυ) by:

 (αhυ)1/m= β(hυ‒ Eg)



where m, β, and Eg are transition mode factor, the band tailing parameter, and the energy of the 

optical bandgap. In the case of CQDs, the transition factor should be considered 1/2 due to direct 

gap nature of this material. According to Tauc’s relation, plotting (αhυ)2 versus the photon 

energy (hυ) gives a straight line in a certain region. The extrapolation of this straight line will 

intercept the (hυ) axis to give the value of the indirect optical energy gap (Eg). 

Table S1. FTIR peak assignments

Sample Frequency (cm-1) Assigned vibration Ref.

3490 ν C-OH, COOH and H2O [1, 2]
2930 νasC-H [3]
1650 ν C=O: ketones and 1,3-benzoquinones [1, 2]

1490-1580 νas C=C carboxylate [4]
1390 ν C-O [1, 2]
1250 τ C-H (CH2twisting vibrations)/C-S and

ω C-H (CH2wagging vibrations)
[5, 6]

1100 C-O axial stretching, alcohols [7]
1050 ν C-O [8]
879 ν C-O-C [9]
766 ν C-O: ethers and γ-butyrolactones [9]

B-CQDs

661 ν C-H [10]
3520 ν C-OH, COOH and H2O [1, 2]
2970 νasC-H [3]
1730 ν C=O: carboxyls (COOH) and/or scissor

modes of H2O
[1, 2]

1590 νasC=C: in-plane asymmetric stretching
of sp2-hybridized C=C overlaps with
C=O vibrations of ketones and 1,3-

benzoquinones

[1]

1510 νasC=C [1]
1370 ν C-O [1, 2]
1260 τ C-H/C-S and ω C-H [5, 6]
1170 ν C-O stretching vibration [1, 2, 11]
1090 ν C-C and ρ C-H (CH2rocking vibrations) [6]
1040 ν C-O [8]
926 ρ C-H and ν C-C [6]

G-CQDs

879 ν C-O-C [9]



835 ν C-O-C [9]
756 ν C-O: ethers and γ-butyrolactones [9]
692 ν C-O: mostly γ-butyrolactones groups [9]
580 ν C-H [10]
538 ν C-H [12]
3370 ν C-OH, COOH and H2O [1, 2]
1740 ν C=O: carboxyls (COOH) and/or scissor

modes of H2O
[1, 2]

1610 ν C=O [1, 9]
1590 νasC=C: in-plane asymmetric stretching

of sp2-hybridized C=C overlaps with
C=O vibrations of ketones and 1,3-

benzoquinones

[1]

1510 νasC=C [1]
1470 νasC=C: in-plane asymmetric stretching

of sp2-hybridized C=C overlaps with
C=O vibrations of ketones and 1,3-

benzoquinones

[1]

1260 τ C-H/C-S and ω C-H [5, 6]
1170 ν C-O stretching vibration [1, 2, 11]
1120 τ C-H and ω C-H [5, 6]
1020 ν C-O, ν C-C and ρ C-H [1, 2]
928 ρ C-H and ν C-C [6]
835 ν -O-: edge groups [9]
756 ν C-O: ethers and γ-butyrolactones [9]
729 ν C-O: mostly ethers [9]
694 ν C-O: ethers and γ-butyrolactones [9]

WAG-CQDs

584 ν C-H [10]



20002200240026002800300032003400360038004000
0

20

40

60

80

100

Tr
an

sm
itt

an
ce

 (%
)

Wavenumber (cm-1)

 WAG-CQDs
 G-CQDs
 B-CQDs

Figure S4. –OH band shift through aggregation.

Table S2. Characteristics and peak assignments of fitted Raman bands Ref. [13].

Raman bands (cm-1) Intensity ratios
Sample D1 D2 D D3 G D'

𝐼𝐷
𝐼𝐺

𝐼𝐷1
𝐼𝐺

𝐼𝐷2
𝐼𝐺

𝐼𝐷3
𝐼𝐺

𝐼𝐷'
𝐼𝐺

B-CQDs - 1276 1357 1517 1595 1735 1.31 - 0.61 0.68 0.15
G-CQDs 1125 1263 1370 1513 1591 1677 1.81 0.41 0.93 0.65 0.05

WAG-CQDs 1113 1230 1307 1471 1600 1674 1.99 0.77 0.27 0.87 1.14
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Figure S5. Calculated error bars (highlighted regions) for Raman spectra of B-CQDs (a), G-CQDs (b), and WAG-CQDs (c).

Table S3.The parameters and peak assignments of the deconvoluted PL peaks Ref. [13].

Peak position (nm)Sample 
(λex=365 nm) P' P0 P1 P2 P3 P4 P5

B-CQDs - - 422 458 - - 621
G-CQDs - - 422 464 498 527 589

WAG-CQDs 367 416 431 446 - - 618

Origin of the 
emissions

Intrinsic C 
emissions

C(=O)OH/z
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states
C-O-C
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containing 
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Table S4. characteristics and peak assignments of the deconvoluted PL peaks of WAG-CQDs sample under 
different excitation wavelengths. Ref. [11, 13].

Peak position (nm)sample P' P0 P1 P2 P3 P4 P5
WAG-CQDs 

λex=300 - 407 437 455 - - 620

WAG-CQDs 
λex=365 367 416 431 431 - - 618

WAG-CQDs 
λex=400 367 416 - 446 482 - 590

WAG-CQDs 
λex=420 - 403 429 459 496 527 588

Origin of the 
emissions

Intrinsic C 
emissions

C(=O)OH/
zig-zag 

edge states
C-O-C
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states/S 

containing 
doped sites

COOH/C
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related 
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Figure S6. DLS analysis results for a) B-CQDs, b) G-CQDs, and C) WAG-CQDs, respectively.
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Figure S7. Normalized PL results to calculate PLQYs utilizing quinine sulfate and fluorescein sodium as the references.
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Figure S8. Calculated error bars for PL spectra of B-CQDs (a), G-CQDs (b), and WAG-CQDs (c)
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Figure S9. Calculated error bars for PL spectra of WAG-CQDs under 300nm (a), 365nm (b), 400nm (c), and 420nm (d) UV 
irradiation.
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