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Formation energy:

Take S11 as an example:

Eformation= Es11-Es10-3Ecarbon~Enydrogens

where Eg;; and Ego are the total energies of S11 and S10, respectively. Ecapon and
Ehydrogen, are the total energies of per carbon atom of graphene and per hydrogen atom
of an isolated H, molecule.

The formation energies for each model are: -0.735 eV (S11), -1.515 eV (S12), -0.483
eV (S21) and -1.249 eV (S22), respectively. In view of theoretical study on doped
GNR system, the relative formation energy could be as high as 3 eV depending on
dopant position.! In addition, the formation energy for dopant introduced near defect
is more than -6 e¢V.? The theoretical value is meant as a qualitative guide rather than

providing quantitative one to experimental work.

Model fitting:
(a) Fitting for S10
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Figure S1 Two transport models for S10.

The typical Fano resonance model>* assumes two energy levels, Ey and E; (Figure
S1(a)), with a weak coupling V between them. E, is symmetrically coupled to left and
right electrodes via the coupling constant I" while E; is strongly localized in the
device region and uncoupled from the electrodes. The transmission can be expressed
as Equation (1) in the content (Junctions with small width difference).

In addition, as shown in Figure S1(b), we use double dot model with parallel

configuration® to fit for the transmission of S10:

4.y, (o)
I(E)= 2 2 2 " 2 2 o - 2 (S1)
[(e—e)" —(Ae/2)" =1 —(Ay)" /4] +4[y(e—&)—1.7,,]
with E:(al +&,)/2, Ae=¢, —¢,, ?z(y1 +v,)/2, Ay=v,—-v,,and v, =/v,Y, -
According to S10, vy, =y, =7, the transmission takes the form:

43(2
[e—e+1 —(Ae/2)* [ (e—e—1 ) +4y°

I'(E)= (§2)

With appropriate fitting parameters of e=—0.16¢eV, t. = 0.133 eV, y=0.28¢V, and
Ae =-0.178 eV, the double dot model again repeats the essential features of Fano

resonance in S10, as shown in Figure S2. The values of |Ae| and y are of the same

order. This fulfils the condition for Fano resonance given in reference 6. The energy
level g, participates in the transmission while €, is localized. The two levels could be

relevant with band 288 and band 290, respectively, as shown in Figure 3(a).



Both fitting procedures leads to the same feature and hence it is suitable to use Fano

resonance to describe the transmission shape in S10.
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Figure S2 Transmission spectra of S10 with fitting curves: black dashed line from

Figure S1(a) and cyan dashed line from Figure S1(b).

(b) Fitting for S11, and S21

The transmission of S11, and S21 near Ef resonance can be fitted using the
single-level model.>* This model assumes a single conducting level at energy
Ey coupled symmetrically to each lead via the coupling constant I'. This yields

a Lorentzian shaped peaks centred at the energy Ej in transmission:

1—w2

=G gy

(53)

The model fitting parameters are Eg=-0.02 eV and I' = 0.226 eV for S11, E, =
0 eV and I'=0.086 eV for S21, respectively.

(¢) Fitting for S20

The transmission of S20 near E; can be fitted using the two-level model, as
shown in Figure. S3(a). This model assumes each conducting energy level is
coupled symmetrically to electrodes via a coupling constant (I'y and I';) and

contributes an independent channel for electron transport.’> T(E) is thus a sum



of two Lorentzian shaped peaks centred at the energy of the conducting levels

(E; and E,).
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(54)

+
* (E-E)'+T}

T(E)=

E,=037¢eV, 11 =0.077 eV,

b

The model fitting parameters are E; = -0.42 eV

and I, =0.086 eV.
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Figure S3 Transmission spectra of models S20 and S21 with fitted curves (black

dashed line).

Spin effect:




Figure S4 Schematic diagram of different spin configurations in model S10: (a)
SCyo(b) SCy (¢) SCyq (d) SCyp and (e) SCyy. Spin up and down are marked by blue

and red arrows.

To evaluate the dependence of transmission on spin effect, we perform spin
calculations of models S10, S11 and S12. Different spin configurations are shown in
Figure S4 with S10 as the examples: SC,y, SCqp, SCu, SCoo and SC,,. The
transmission spectra are shown in Figure S5-S9. The results indicate that the spin
configuration SC,, is most efficient to break the spin degeneracy in all three junctions.
These can be traced back to the band analysis in Figure S10-S14.

In view of one recent work on molecular spintronics, polyacetylene with
donor/acceptor group is found to possess antiresonance dip near the Fermi level in the
spin down /up transmission spectrum.’ For comparison, both S10 and S11 with spin
configuration SC,, present antiresonance near the Fermi level in both spin up and
down transmission. Thus the present work outline other possibility for exploiting spin

application with destructive quantum interference effect in GNR based devices.
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Figure S5 Transmission spectra of models S10, S11 and S12 with SC,, configuration.

Transmission spectra without spin effect are also present (black line).
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Figure S6 Transmission spectra of models S10, S11 and S12 with SCy, configuration.

Transmission spectra without spin effect are also present (black line).
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Figure S7 Transmission spectra of models S10, S11 and S12 with SC,4 configuration.

Transmission spectra without spin effect are also present (black line).
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Figure S8 Transmission spectra of models S10, S11 and S12 with SCy, configuration.

Transmission spectra without spin effect are also present (black line).
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Figure S9 Transmission spectra of models S10, S11 and S12 with SC,, configuration.

Transmission spectra without spin effect are also present (black line).
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Figure S10 Electronic band structure under SC,, configuration for S10 (a) and (b);
S11(c) and (d); S12 (e) and (f), calculated upon assuming periodicity along the

transport direction. Bands of spin up and down are shown in blue and red.
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Figure S11 Electronic band structure under SCyy configuration for S10 (a) and (b);
S11(c) and (d); S12 (e) and (f), calculated upon assuming periodicity along the

transport direction. Bands of spin up and down are shown in blue and red.
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Figure S12 Electronic band structure under SC,4 configuration for S10 (a) and (b);
S11(c) and (d); S12 (e) and (f), calculated upon assuming periodicity along the

transport direction. Bands of spin up and down are shown in blue and red.
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Figure S13 Electronic band structure under SCy, configuration for S10 (a) and (b);
S11(c) and (d); S12 (e) and (f), calculated upon assuming periodicity along the

transport direction. Bands of spin up and down are shown in blue and red.
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Figure S14 Electronic band structure under SC,, configuration for S10 (a) and (b);
S11(c) and (d); S12 (e) and (f), calculated upon assuming periodicity along the

transport direction. Bands of spin up and down are shown in blue and red.
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