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I.  Structural modification of PEI — 'H and !3C NMR spectra

'"H NMR spectra were calibrated on the residual signal 4.79 ppm. Fig. S1
shows '"H NMR spectra of PEI 0.8kDa (spectrum 1), 13C NMR spectra of PEI 0.8kDa
(spectrum 2), '"H NMR spectra of PEI 25kDa (spectrum 3) and '"H NMR spectra of
PEI 750kDa (spectrum 4). In Fig. S2 are presented: '"H NMR spectra of PEI0.8k-SA
(spectrum 1), 3C NMR spectra of PEI0.8k-SA (spectrum 2), 'H NMR spectra of
PEI750k-SA (spectrum 3), 'H NMR spectra of PEI0.8k-pFBA (spectrum 4),
BCNMR spectrum of PEI0.8k-pFBA (spectrum 5) and 'H NMR spectrum of
PEI750k-pFBA (spectrum 5). 3C NMR spectra of PEI 0.8kDa derivatives
(PEIO.8k-SA and PEIO.8k-pFBA) were recorded overnight. Below, we present the
assignment of new signals on the spectrum of PEI0.8k-pFBA (spectrum 2 in Fig. S2):
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Fig. S1. "H NMR spectra of pristine PEIs and 3C NMR spectrum of PEI 0.8kDa

Spectrum 1: '"H NMR, PEI 0.8kDa
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Spectrum 2: 3C NMR, PEI 0.8kDa
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Spectrum 3: 'H NMR, PEI 25kDa
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Spectrum 4: '"H NMR, PEI 750kDa
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Fig. S2. "H NMR spectra of PEI derivatives and '*C NMR spectra of PEI 0.8kDa derivatives

Spectrum 1: '"H NMR, PEI0.8k-SA
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Spectrum 2: 3C NMR, PEI 0.8k-SA
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Spectrum 3: 'TH NMR, PEI750k-SA
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Spectrum 4: '"H NMR, PEI0.8k-pFBA
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13C NMR, PEI 0.8k-pFBA

Spectrum 5
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II. Inverted-gate 3C NMR analysis

The ratio NH, : NH : N was calculated according to the equation (please see
designations below):

NH,:NH:N= ](C1_2 + C1_3) : I(Cz_l +Copt C2_3)/2 : 1(C3_1 +Cs,t C3_3)/3

where: [ — signal integration.
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In Fig. S3 inverted-gate 3C NMR spectra are shown: pristine PEI 25kDa (spectrum 1),
PEI25k-SA (spectrum 2), PEI25k-pFBA (spectrum 3). All the spectra were recorded in
deuterium oxide, overnight. Please note, that peaks from substituents do not coincide with
peaks from methylene groups of PEI. Hence, substituents location on the spectra do not

interfere in the inverted-gate 13C NMR analysis.



Fig. 3. Inverted-gate '3C NMR spectra of PEI 25kDa and its derivatives

Spectrum 1: inverted-gate '3C NMR, PEI 25kDa; NH,: NH : N ratio is 1 : 1.12 : 0.89
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Spectrum 2: inverted-gate 3C NMR, PEI25k-SA; NH,: NH : N ratiois 1 : 1.62 : 1.32

W

181.27
176.45

< ©
©
0 =
0 0

56.14
53.64
68
50.77
48.28
46.26
40.30
38.35
50.77
48.28
46.26
40.30
38.35
33.79
33.15

<
~
©
Yo}

ppm

150 100 50
ppm



Spectrum 3: inverted-gate 3C NMR, PEI25k-pFBA; NH,: NH : N ratio is 1 : 1.69 : 1.39
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Quantitative analysis of PEI-CEINs conjugates

FT-IR spectra of other PEI-CEINs conjugates are presented in Fig. S4:
Fe@C-(CH,),-CONH-PEI (NANO-2.1-2.2) (spectrum 1), Fe@C-CONH-PEI-SA
(NANO-3.1-3.3) (spectrum 2), Fe@C-(CH,),-CONH-PEI-SA (NANO-4.1-4.2)
(spectrum 3) and Fe@C-CONH-PEI-pFBA (NANO-5.1-5.3) (spectrum 4).

In Fig. S5 C-H stretching vibrations in the CH, moiety of PEI, founded on PEI-

CEINs conjugates spectra, is presented.



Fig. S4. FT-IR spectra of PEI-CEINs conjugates

Spectrum 1: Fe@C-(CH,),-CONH-PEI (NANO-2.1-2.2)
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Spectrum 3: Fe@C-(CH,),-CONH-PEI-SA (NANO-4.1-4.2)
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Spectrum 4: Fe@C-CONH-PEI-pFBA (NANO-5.1-5.3)
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Fig. S5. C-H stretching vibrations in the CH, moiety of PEI, founded on PEI-CEINs

conjugates spectra

PEI content

In Fig. S6 TGA curves of pristine PEIs of various molecular weight are shown.
TGA curves of other PEI-CEINs conjugates are presented in Fig. S7:
Fe@C-(CH;),-CONH-PEI (NANO-2.1-2.2) (section 1), Fe@C-CONH-PEI-SA
(NANO-3.1-3.3) (section 2), Fe@C-(CH,),-CONH-PEI-SA (NANO-4.1-4.2) (section
3) and Fe@C-CONH-PEI-pFBA (NANO-5.1-5.3) (section 4). DTG curves of two
representative samples: PEI 750kDa (curve 1) and Fe@C-CONH-PEI750k (curve 2)

are shown in Fig. S8.

The relative CEINs fraction (Fcgns) In each conjugate, was approximated as
follows: Fcgms [%0] = 100% - Wago.530 — LPhano, Where: Wyoo.s30 — weight loss in
temperature range between 200 °C — 530 °C, LP,,,, — weight loss for linker-modified
CEINs (3.5% and 5.1% for Fe@C-COOH and Fe@C-(CH,),-COOH, respectively).
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Fig. S6. TGA curves (in nitrogen) of pristine PEIs

Fig. S7. TGA curves (in nitrogen) of PEI-CEINs conjugates

Graph 1: Fe@C-(CH,),-CONH-PEI (NANO-2.1-2.2)
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Graph 2: Fe@C-CONH-CONH-PEL-SA (NANO-3.1-3.3)

WEIGHT WARIATION (%)

100

90

80

70 +

60

50

40 -

g

NANO-3.1

NANO-3.2

0

100

260 I 360 I 460 I 500 I 600
TEMPERATURE (°C)

Graph 3: Fe@C-(CH,),-CONH-PEI-SA (NANO-4.1-4.2)
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Graph 4: Fe@C-CONH-PEI-pFBA (NANO-5.1-5.3)
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Fig. S8. TGA and DTG curves (in nitrogen) of PEI 750kDa and Fe@C-CONH-PEI750k

Graph 1: PEI 750kDa

1004 1.8

o
f' 5
80 -] o
—_ { é

2 L
< . 25
Z i i
lg 60 - i a
< =
g |
S 40 o
§ L 06 -
E 8
O <
D, g
L C
.
000
0. =

y T y T y T y T y
0 100 200 300 400 500

TEMPERATURE (°C)

15



Graph 2: Fe@C-CONH-PEI750k
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V.  Study on the physical adsorption of PEI onto CEINs

FT-IR spectra of samples of the non-covalent PEI adsorption onto CEINs are
presented in Fig. S9. The assignment of the characteristic absorption bands of CEINs
and PEI, was presented in the earlier parts of the text. The weak absorption band at
1650 cm’! may occur due to the electrostatic interactions between primary amine
groups of PEI and carboxylic groups on the surface of the surface-modified CEINs.
The absorption band located at 1745 cm™! comes from C=0 moieties and is upshifted,
due to the physical adsorption of PEI (compare with Fe@C-(CH,),-COOH spectrum

presented earlier i.e. spectrum 1 in Fig. S4).
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Fig. §9. FT-IR spectra of samples of the non-covalent attachment of PEI onto CEINs surface

(discussion above)
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