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Figure S1. Additional AFM images of CD samples.
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Figure S2. The height distributions for CD-2 (a) and CD-3 (b) fitted by Double Gaussian

function.
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Figure S3. Full X-ray photoelectron spectroscopy (XPS) survey spectra of CD-1 (a), CD-2 (b),
CD-3 (c), and CD-4 (d).
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Figure S4. High-resolution XPS spectra of Mn-doped CDs: C 1s (15t left row), O 1s (2" row),
N 1s (34 row) and Mn 2p (4t right row), with deconvolution of bands to specific peaks
attributed to different chemical groups shown by different colors and explained in the
legends. For Mn 2p, peak 1 at 641.8-642.0 eV and peak 3 at 653.7-653.9 eV are attributed to
Mn(IV) compounds, peak 2 at 645.1-646.0 eV and peak 4 at 656.1-657.2 eV are attributed to

Mn(VII) compounds.
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Figure S5. Optical spectra measured in a direct mode (pink and purple lines) and using an
integrating sphere (black lines). The first spectra are attributed to absorption and the latter
ones are sum of absorption and reflection. It is seen that the signals in the 600-800 nm
spectral region are almost the same, thus, the optical density in the 600-700 nm spectral

region originates from absorption by CDs.
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Figure S6. Dependence of r1 (blue squares) and r2 (light green squares) relaxivities on the
ratio of the peak 1 and peak 2 in Mn 2p3,2 band areas taken from Table S3.



Table S1. Synthesis conditions and composition of CDs

Synthesis Atomic (%)
Sample | Precursor, amount (g) Solvent param:;ters
and C 0 N | Mn
purification
0_
phenylenediamine 0.3
CD-1 64.49 | 2848 | 6.66 | 0.37
Mn(Ac): 0.2 180°C, 12h
Ethanol, Dialysis 1
o- 03 10 mL day
phenylenediamine ' 3.5kDa
CD-2 67.88 | 27.27 | 444 | 041
MnCl, 0.1
citric acid 0.5
CD-3 180°C,12h | 61.80 | 24.50 | 13.00 | 0.70
Mn(Ac); 0.127 Precipitation
Formamide, in EtOH
5mL Dialysis 1
citric acid 0.5 d};y
CD-4 3.5 kDa 61.40 | 26.10 | 11.70 | 0.80
MnCl, 0.065

Table S2. Height distribution of CDs from statistical analysis of AFM images

Sample Total number of Mean value, Median
analyzed particles nm value, nm
CD-1 101 1.9+1.3 1.5
CD-2 100 5.7+43.5 5.7
CD-3 100 3.5+2.7 2.6
CD-4 100 2.8+2.3 1.8
Table S3. Optical properties of CDs
Sample Absorption PLE peak, PL peak,
peak, nm nm nm
CD-1 258 255 570
418 324 368
418 567
CD-2 258 255 570
418 320 368
420 567
CD-3 527 270 430-500
380-430 460-500
550 620
CD-4 537 270 430-500
380-420 460-500
550 620




Table S4. Deconvolution parameters for Mn 2p3/2 band

OPD-based CDs CA-based CDs
CD-1 CD-2 CD-3 CD-4
Mn(Ac):z MnCl: Mn(Ac): MnCl:
;;s?flzl; v 641.7 641.6 642.0 642.0
g:r‘ézalk)area 416.8 506.2 874.3 1025.8
izdsﬁfjrli v 645.1 646.1 645.4 645.6
?Ai(f:;l)‘ area 1 2ga.8 273.2 824.6 784.5
Areal/Area2 1.46 1.85 1.06 1.31




Table S5. Characteristics of Mn-based contrast agents

1 2 Magnetic
Contrast agent o o field Media Ref.
L mmol1s?! | Lmmol!s1
strengths, T
™ plasma at
Teslascan 3.6 7.1 15T 370C [1]
Mn-doped CDs 6.23 7T [2]
17.75 88.60 1%
-CDs- 1
Mn-CDs-NHEF mg-imLs1 mg-imLs1 1 Tesla agarose gel [3]
1%
PEG-MnO NPs 23 12.942 60.26 30T [4]
agarose gel
Mn-DMSS# 10.1 169.7 30T pure water | [5]
50 mM
4.88 9.4 HEPES
5
Mn complex 5.2 15 bufferat | L°]
pH 7.0,
PDA@N-CDs(Mn)® 14.15 39.2 30T PBS buffer | [7]
Mn-doped CDs 7.28 1,2 [8]
Mn-NGQDs 7 15.86 177.51 1.5 aqueous gy
suspension
Mn@CQDs 8 7.43 140.7 7.0 PBS buffer | [10]
Mn-doped CDs 12.69 0.5 [11]
8.79 83.39
9.74 88.95 9% saline | This
Mn-doped CDs 4.80 42.24 L5 solution | work
6.71 67.06

L NHF - N-Hydroxyphthalimide-derived, 2 PEG - Polyethylene glycol, 3 NPs - nanoparticles, ¢ DMSS - Dual-
mesoporous silica spheres, 5 2,6-diacetylpyridine bisacetylhydrazone complex, ¢ N-doped carbon dots (N-CDs)
embedded onto Mn2+ complex-modified polydopamine (PDA), 7”NGQDs - nitrogen co-doped graphene quantum

dots.
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