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Synthesis and Characterization of Nitrogen-doped Graphene for Energy

Conversion and Storage

Min Seok Lee

Department of Industrial Chemistry, The Graduate School,
Pukyong National University

Abstract

As the times growth, energy exhaustion and environmental problems have
emerged due to high energy consumption. In order to solve these problems,
development of eco-friendly and highly efficient new energy materials was
required.

Recently, nitrogen-doped graphene (NG) has attracted great interest due
to exotic properties , such as high conductivity, excellent catalytic properties,
and tunable electronic structures, which can be used as materials for energy
conversion and storage application.

This study reports synthesis of pyridine-N doped graphene (PY-NG) by
using an acid-catalyzed dehydration reaction between graphene oxide and
3,4-diaminopyridine. In addition, the restoration of graphitic structure and the
electrical properties were confirmed by diverse analytical techniques [X-Ray
Diffractometer (XRD), Raman spectroscopy, Thermo gravimetric analysis
(TGA), Cyclic voltammetry (CV), Galvanostatic charge-discharge (GCD), Linear

sweep voltammetry (LSV), etc. for supercapacitor and electrocatalysts
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application.
As a result, PY-NG with optimized nitrogen content was obtained in
graphitic network. Therefore, this study can provide a pivot for the

development of new energy materials and future researches.
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Fig. 2. Graphene oxide sturcture of Lerf’ s model [57].



2.3. A H

EZGANAIY Ee A7ESARAEHEG 2= sHARAHE A2
A Ago) o3k M7|3stH oA E ARste mAlth A, 34 d=

125 10 Be 84 FA TR g gardle) Jwne i) 09
AAQ ARE AET FAANAEI} 2RI Yok =3 12, wE
3 Aol 2, Be A 5o EAL AL Qo) v ALHT Yt
vime) we AAw ohig FUle Ax7] L AeIIA Hopolx 3

L
2 AYowE Ago] s5ai (58]
Fig 3 AA@ #H7AMAE ] Atws} go], Auta o wav
2 ¥ oFor TAHYL oA A% §FL 2
o] mERAe] os) AAHG. ®F UA ARWAUEL A7
AN} 2 ANNEZ TA T 7HA2 G

H7)01 %% ANAEE Qs o EASE ojego] Aol sl

)
b
2

o
o
of\i

B934 5% AU S B9 AUAZ AR, AFLAY WE

2
WAl Yers ol el F-2Fo| Wol Yojuth EY A7|HFHOD o
=

= AAAEHEY mAYEE A70SS AAE S vitiz 7 E <] 9 g
e vk Tl AR AFHEY. A5aAze 548, A=Y 2
gir, 3otz HEg e daAds sol v [59] A3 o Faf oy A
E AZAAoZHA S AL AL oA Y oUA HEs 7]
5 ANAEHRG & oUA UEE /AL ol st o] AIzte] 4
of x| 7] &t} [60].

A F 7R AAUSES 2ol wHAAAEY] Fes FEA

N
rr
fo
rO
2

_8_



[

—0\0—|I— ——+|

Separator Separator
| |
oo PR I !
o 1 ® I 1
. . : : )
0/ -® :
| | q
ol o!® {
l® | 1
o1 |
? fl 0| ° I
' l o J' J, 1 ; T l
Anion Cation Anion Cation
Electrode (+) Electrode (-) Electrode (+) Electrode (-)

Fig. 3. Scheme of a supercapacitor




A5 7]

t A7% ol g3

]

A=A

ol A ot

)

DA 71 AR

h} B3 92

u
Qs

A

=
T—

of el e] Aol

w7h A, wg 7HA

=
=

1 = (Pt)

EE

==
=

Hx
o] =

27] Wl Arl=Em 4= F

o] . 1

[e)
=3

A=RHAA WA vkEES T T8

Sk

g A4

shel A

2
oA 4-F=A} o]F 74 Z(Four-electron-transfer pathway)e} 2-7

ol

2} o]% (Two-electron-transfer pathway)Z &7}

ATt

In acidic media

Four-electron-transfer pathway

(D

) + 4e —>H2 O(l)

+
aq

h(g) T 4H(

O.

_10_



Two-electron-transfer pathway

02(9) + 2H(+ + 2674>H202(

aq) aq)

Hy Oy + 2H () +2¢” — 2H, 0, )

In alkali media

Four-electron-transfer pathway

OQ(g) +H20(1) + 467—>4O]J(;q) (3)

Two-electron-transfer pathway

OQ(Q) + HQO(Z) + 26_4>H02_( + OH(;Q

aq)

HOy (o + H,0) +2¢” —30H,,, 4)

9 Ao A BolRol, ARAANA /b EEHQ 4-AA o]F A2Y )

I
ol
o
&

AAE Fgol A 2-74 ofF AEE A A FFl F
ArAAe] Tgol FolAA Hrh mebd AsBUNSS AR

7hell o] 83 acloltt [62]

B
N
ox,
off
o

_11_



e

H-I-
I 02
=BT
),
Electrolyte — 3 HZO
Anode (-) Cathode (+)

Fig. 4. Scheme of a fuel cell.

_12_



A3Z AR

31 AE 9 A¢F

GOE A x3st7] 98l & A(Graphite)2 Nanostructured and Amorphous
Materials Inc.oll A A %3 450 nmE FYATH DAEFo| AM8E HA AT
A= 3,4-diaminopyridine-g Aldricholl Al 43t ¥kgo] AL&H ofHEA
(acetic acid)-& Junshiol A F43ch 1 ¢ Umx £uj2l tjo]w g Eolu}o]
© (Dimethylformamide; DMF), E|Eg}slol|=2F & (Tetrahydrofuran; THF)
of MELdAEE BF Yaksistol A 43

3.2. YA &A1& dEgd A4 =3 199 PY-NGY A=

Ao FA48 odA &A8 ded a9 O9He PY-NGE |
o AT PY-NGe| AH83 GO+& Nanostructured and Amorphous Materials
Inc.ol A 450 nme] YA} Afo]z2E 7H FHAC2RE 7lx" Hummers’
2] [51]& AR&ste] FHI P

A z731e] PY-NG A4kshz] #38ll GO¢} 3,4-diaminopyridine Alojel] 4+
S g ¥ FIPY A43 WH2 GO (700 mg)= DMF/acetic acid

EFE (100 ml, 2/1, v/v) Lo ¥ 1AZF S 2euxg s Ea 24

e

52 34-diaminopyridines 5 mges TE ol ¥ 110Co| 24413t
W AL A 213 Fo nylon membrane (0.45 nm)E Al-&3le] ZE

E Eslo AL 3AE AyWa Soxhlet & E35te] &, THF, Wg

v
g
o
)
B>

ol
ot
filo
N

IR PY-NG & gAdst7] flsiA e 22 Ad v

Mo 2 3 4-diaminopyridine®] vk z+zF 20 mg, 75 mg, 300 mgS Wol 7}
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33. 4

331 = E4 &4

2 B4 (Elemental analysis: EA)-& Thermo Scientific Flash 20008 A}-&
st &4(0), Fal), AN AFA0) 94258 SAHAY. 4 5 24

(Thermo gravimetric analysis: TGA)< TA Q2000 (TA Instrument)E ©]-&3}
o tfr] zdste &9 10CY T2E5E= 900C7HA SAH AT vt &%
H (Raman spectroscopy)= confocal Raman microscopy Alpha 300S (WITec)
o] He-Ne laser (532 nm) & A2t 1 mW=E SASATH Xd 314 &4
W (X-ray diffraction: XRD)-& X’ pert-MPD(PHILIPS) =28 A}-&3la] 40
kV, 30 mV, A = 154056 A =7 &t SAHsAT. X A FHA &34
(X-ray photo electron spectra: XPS)  Thermo Fisher K-alpha XPS
spectromether® AF&3te] C, N, O 94 BA4& =AUt 1A HAE FA
HAArdn 7 (Field emission scanning electron microscopy; FE-SEM)-2
JSM-6700FUEOL)E AR&3ste A& HA HAE F3dAdn7d (Field
emission transmission electron microscopy; FE-TEM)< JEM-2100F& 53l
TP 2HAHS B43slr] 98] Brunauer-Emmett-Teller(BET)= ASAP
250ANS  ARE3te HA F-237 S24& B #4380 AVAERER
(Electrical conductivity) &4 493 w4l 71z CMT-SR1000N(Advanced

Instrument Technoloy)2 AF&3le] 433 3t}



3.3.2. A7H EA BA

FHAYAE ] H7|FH EAL PARSTAT 2273 Potentiostat Galvanostat
(1470E Cell Test system, Solartron AnalyticaD& AF&3le] 2 A=e A&
3 mmZ 7R F8& g4 A= (glassy carbon electrode; GOl 28 30
ug T8, 71E AFo 7 Ag/AgCl A= AUA=Ze WF g o
AFA2"HozZ 1 M HSO, #Asfd =AsH
4 o

Abagkdukgel ik d7A §EA4E #Hristr] 9@l VersaSTAT 3
Potentiostat Galvanostate} RRDE-3AE #4 Au|Z A&t CV AL
GC (A& 3 mmE AH&sto, =2 20 ug
Ag/AgCl A=, Fdid=2
7z} 09 Ny Z 317 E o]

A F AL ¢ H(linear sweep voltammetry; LSV) 42 7|41 33 A

=7

>
M\
o
flo
i
>
o)
0

L
1
=43 T3y ZAY AFe AE 3 mmE R /F3E 24

HA=2 CV
A YdF HZ(glassy carbon rotating disk electrode; RDE, =3

0.0706 cmd)e Algale] EHE CV 9o ZAd ke FEFY FALE 600
900, 1200, 1600, 2000, 2500 rpmo.Z 4

-

ol
o
>
o
e
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A 4% 2y 2 uF

41 F= B4 Ax
411 A AZ=

Fig. 50 Ho]%o], GO ¢ 34-diaminopyridine Afolo] 4+ Zw] =ul$
< I gdY(pyridinic) &Ae] HEE: Ao Z o]ojzit}. o]¥l(imine, -C=N-)
25 Al E(monoketone, C=0)3} 3,4-diaminopyridinee] wW-5-S E3) AAHH
HEH 3,4-diaminopyridine® o -tho] Al =( ¢ -diketone, O=C-C=0) A}o]qj

o <43 e H(pyrazine ring) S AT + Uk

rlo

o

T

©
o

flo

-

Fig. 5. The synthesis of PY-NG Dby acid-catalyzed dehydration reaction
between GO and 3,4-diaminopyridine.
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4.1.2. Elemental analysis (EA)

2E B4 B3 AF 353 Fxo AE WHEE F<str] fsiA EA

(Graphite)e] 4

=2 B4 ATVt 98.74%, GO9S AEL ©Av 50.50%= S Hs| A
]_

|\
ol
o
i
>
o)
(o
g
L)
—Vi
uli
—
3
(@)
=2
v
Aul
=
39
:L
St
re

A RE o] FA 7](epoxy) 3| = 22 7] (hydroxy) 183 7
20%=2 NZ=¥ Hummers’ W2l Al 3 3
AEt AAHAND AAo FFE FALE AEE e

PY-NGe] A¥es by FAbe Add wsiyl $FE A
3,4-diaminopyridine®] ©+& & g BHIEE 4 Sv) €5 HbE o FHA g

F(1L9~9.1wt%) ] W37t Yehgt. o] Ad= W= T3l

=2 52 7](carboxylic)

il
o
\
N
™
>,
o
b
\
N

5, WgEY 27 & FFHIEY xAsto PY-NG ¢to] 7488459
s A =224 F e He F5 5 Ak By ofyz, GO (700
mgE HMFHE= Tt AT FA ALV BEHNU

3 o] Ade Wg S IR Ve e OFel o= A HA
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Table 1. Elemental analysis of graphite, GO, PY-NG2, PY-NG3, PY-NGb5,
and PY-NG9Y

Materials C H N 0] SUM C/O CIN

Graphite | 98.74 0.11 aBDL aBDL 98.85 ool oo

GO 50.50 1.90 *BDL 41.20 93.60 1.60 coP

PY-NG2 | 80.06 1.02 1.87 10.83 93.78 9.86 49.95

PY-NG3 | 79.02 1.04 2.717 11.72 94.55 8.99 33.28

PY-NG5 | 76.54 1.28 5.34 12.05 95.18 8.47 16.72

PY-NG9 | 75.67 1.08 9.14 10.51 96.43 9.59 9.66

2BDL : Below detection limit

oo® . Unlimited
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4.1.3. Thermo gravimetric analysis (TGA)

ZE BEZ 44 EAHES ostr] fslA Thermo gravimetric analysis
(TGAE ti7] HHlY =Hdste] SAML 1 A3+ Fig 6 o et &

5% BAL 6000 B 9 AP RefErh v GO= T 7|

A Ata IF9 Eee AHAD = ZATE AAHJY] wEZel 100C 2

S FAIE PY-NGE9 €4 BAHL 433d] 7 A& ##Ao. 2
ol FUhgtel wEt €4 A AIEHAR ¢ B2 JH A
(pyrazine ring)< 73l &2 2
H(aromatic rings)e] ¥ 7153t & A OFo] AAEHAY] WEd €34
Aol MAHAT. o] A= 4

Ao} EA WYL oy} 3 ®hgraphitic network)e] &3A Q0 F+x EL7}

2w s o)o] ek AL b,

B>

P
]1?{_:
of
o
&
o
p 4
®)
1o,
+
Jht
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&2
rlo
o
ot
oY
ihJ

rlr
11k
o
2
_|>_~J
ofo
i
o
iy

E
gt
S
r]I.
olo
o
N,
[P

4.1.4. Raman spectroscopy

Fig. 7 o Ho]xo], ¥hg AF Fxo| WstE #H37] 9|si4 Raman
= #Ha9 bl Hl
£ 0.10 & 7}7 1580 cm™ ¢} 2707 cm™ oA Zz G W=} 2D W=} o)
A A3} dide GOE sp® HHe U Ad Fz9o wrt )
wj&Zo] 1355 cm™ o 7Z¥3I D ME=R <la) I/lg Bl 1.06C 2 uj-¢
7 B Aol #FEHATY. 22t 1343 cm™? ¢F 1572 cm™ o] $1x% D Wiz}
G M=Z 71A PY-NG9 Z=(ntensity)= #AFsHA YeErst Lilg ¥lS o
Al A o] Frhekel whet 113 oA 118 7bA =A dElsst Sd 9
T2 Qe "4 dAaR oprld Z A4TH AT EAVE 71498+ Ao
[40].

spectroscopy Z4& AAFTE A4 Fxol, £5H 5

.
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Fig. 6. TGA thermograms with heating rate of 10 C min? in air of
graphite, GO, PY-NG2, PY-NG3, PY-NG5, and PY-NG9.
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D 2D

Graphite R A I i’(_tm
GO J\j\‘ ID”G =1.06

3

,spg PY-NG2 N 1/, =1.13

W PY-NG3 1/l =1.14

§ M s

£
ovnas | AN 1, = 1.18

0 500 1000 1500 2000 2500 3000

Raman Shifit (tm-1)

Fig. 7. Raman spectra with Ip/lg ratios of graphite, GO, PY-NG2, PY-NG3,
PY-NGS5, and PY-NG9.
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4.1.5. X-ray diffraction (XRD) Patterns

/1\_]_.

e

o g wEgolM FA T2 3l BdS BEs] staA
X-ray diffraction (XRD) patterns
EFe 52 002) AA Hell sigste AFAJ] st dd v =47}
6.5° (d-specing ~0.33 nm) ° YElRH. =3 SA3 Hlwste] GO +
8 da+= §WA A-0eH A= 9. d&o=w o]lFHAT. d-specing
Aste ~0.89 nmz o] AL Az AT ALHIE & AT A
T PY-NGE9| XRD va= d&adTdo] kst A I 59
gz 7pgA ARA o2 olsdln. 53] PY-NGIS| da= HE3] 20-=
26.1° o 91X d-specing GAl ~0.34 nm=E =53¢ SAF w9 v =5
e

rulo
S
1
ool
k
NS
iy,
i)
i
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oQ
oo
9
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©
oo
v
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Fig. 8. XRD diffraction patterns with d-sacing values in nanometer (nm);
(a) graphite; (b) GO; () PY-NG2; (d PY-NG3; (e) PY-NG5; and (f)
PY-NG9.
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4.1.6. X-ray photoelectron spectroscopy (XPS)

720 W3 olfix i = AAFFL 7 WMESs &dstr] 4
3l 4] X-ray photoelectron spectroscopy (XPS) & F7ld o2 =43, Fig.
9ol Ho]xo] GO& HlefA PY-NG gtol 4k S &
7V AEAe2 E4" AS 400 eV ZA- O AdEstA A" Nls o2&
af Itk Fig. 10ac] Holxo] GO¢ Cls =FHERHS HIEFA
(deconvolution) ol 4] 284.5 eVol sp? BtARTF & AdtoUR e F=
2 v AdE g4 gkt 33r) 286.8 eVolA #EFHSITH SR TH
PY-NGE2 GO¢| 286.8 eVe] 3 =7} 285.8 eVell C-N ZAgE 7HA+= A=

& vaE BAND A7t 2FE wavAst 498 dad AL FAY

ot P

i
AN
N

2 4k 2 g wkgS T4 2ar =48 PY-NGS
3 7z WIE paAdEe Nls ~2FEZ#S Fig 7o 293t GOY
A A a3rt FEEkA SAA F%A T, PY-NGY A+ g d-N
(pyridine-N)3}  3}2}21-N(pyrazine-N)= 398.5 eVell ©]®l-N(imine-N), o©}%l
(amine-N)-> Z+7z}F 399.7 eV, 400.5 eVelA o3t 3 =27F YEMST}. imine-N
¥} amine-N¢| ¥&2 34-diaminopyridines %3 GO <o RxAE (-C=0)
Arolel Hhgo] AYZFo =4 UERd 4 ot Pyridine-N 3 pyrazine-N 9
vl 3 A= el Hlestr] wjZol &g A 3985 eVellA HAHA Uet
[41]. =3}, AL ko] HolA4E pyrazine-N &= pyridinic-N ¢ AFth #
1 Hl&2 PY-NG2&= 12.8%, PY-NG32 35.0%, PY-NGS& 37.8%, 1¥]al
PY-NGI9+= 41.3% = F7lste A<s #F o (Table 2) 2822 Fig. 5 9
AtA PY-NG2 #+x& XPSE &3 U=t

rlo
N
>,
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Fig. 9. XPS survey spectra of GO, PY-NG2, PY-NG3, PY-NG5, and
PY-NG9.
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(a) (b)

286.8
285.8
294 292 290 288 286 284 282 280 294 292 290 288 286 284 282 280
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(c)

285.8
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Binding Energy (eV)

(d) (e)
285.8 5; S 285.852 S
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Binding Energy (eV) Binding Energy (eV)

Fig. 10. High-resolution XPS survey spectra of C 1s peak of (@) GO; (b)
PY-NG2; (c) PY-NG3; (d PY-NG5; and (e) PY-NGY.
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Fig. 11. High-resolution XPS survey spectra of N 1s peak of (a) GO; (b)
PY-NG2; (¢) PY-NG3; (d PY-NG5; and (e) PY-NGOY.
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Table 2. The relative nitrogen content of PY-NGs determined by
high-resolution XPS survey

Relative nitrogen content (%)
Nitro

) gen . SUM
Materials content Pyrazine-N %
(%) Amine-N | Imine-N or >

(400.5 eV) | (399.7 eV) | Pyridinic-N

(398.5 eV)
PY-NG2 1.9 50.0 37.2 12.8 100
PY-NG3 2.8 36.7 28.3 35.0 100
PY-NG5 5.3 32.0 30.2 37.8 100
PY-NG9 9.1 23.2 35.5 41.3 100
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4.1.7. Field emission scanning electron (FE-SEM) and Field emission

transmission electron (FE-TEM) microscopies

PY-NGE¢] rlo]3=2 F=%E Field emission scaning electron microscope
(FE-SEM) 3} Field emission transmission electron microscope (FE-TEM)S
Abgste] =AM T Fig. 12 o] HolXo] GO+ A3 "dHsHA 2oz ¥
HE o]F1 e AL BRI wdo] PY-NGE9 A5 24 o] &+
7VE4E AR FHEV AEEJT FAZ Folef 22 FEHE BEHEI

of Yetd Auj&= #2E PY-NG5Y TEM ARzlo A Hl==
3 F5 de TEE BFIG. At spEAEel 3wl selected area
electron diffraction (SAED)S &3l thd 2l 643 A3 Aazxdx &

4
o T2E P HelFUL 4 Ev) ¥ W3S B i =3

ERE
b Fde] Tzyl aRHoz EHAHAGE AL Flxez Jn
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Fig. 12. SEM images of samples: (@) GO; (b) PY-NG2; (c) PY-NG3; (d)
PY-NG5; and (e) PY-NG9.
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Fig. 13. TEM images of PY-NG5: (a) low-magnification; (b)
high-magnification at the edges with selected area electron diffraction
(SAED) pattern; (c) high-magnification at the basal with selected area
electron diffraction (SAED) pattern.
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4.2. #HAFHAEAA S #71& EAF Brunauer-Emmett-Teller (BET) &4
4.2.1. Cyclic Voltammetry (CV)
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olFo ATEHY HI=3 F= AF 97t d4 =3 JgdeE 7Y A
T BEEJT YAV dHS gAY A 232 4HEE HgS F
A B g FUlel gt [18,34]. I EE T WESZ <t
off daA EFoEXRE Ho FfE&(pseudocapacitance) ©] PY-NGe #

i

8sts gFol 2 71elE ¥ & Utk FAHOE UE FA S5 B
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Fig. 14. Cyclic voltammograms (CV) of GO, PY-NG2, PY-NG3, PY-NG5, and
PY-NG9 on glassy carbon (GC) electrode at a scan rate of 100 mV s™.
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Fig. 15. Cyclic voltammograms (CV) of samples on glassy carbon (GC)
electrodes at different scan rate: (a) GO; (b) PY-NG2; (c)PY-NG3; (@
PY-NG5; and (e) PY-NGO9.
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4.2.2. Galvanostatic Charge-Discharge (GCD)

7188k 7] &3 EAS &S] HalA S W (Galvanostatic
charge-discharge: GCD)& F712 o & A3t Fig. 16 oA Ee =429

0.1 Agh ol AF 2=9 F ¥ 4L 53 vugdy, C = IAtmAV)

GO (90 F gh) Bt} oF 24u]9] & 432 Rozy. =718 02 PY-NG5
& 1 M H SOy =33}t b2 AFEESE 4% 2345 Fig. 17. (@ o 4
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ool 4hstEAR-go] A doluA] Es| HlAFA&Fo] F43] Fadce
A7) AP [37]. 22 2E, PY-NGE ¢tol] A7|olxZ AA LT o
o] HAFHAETF Qe AR FRo wet nA = TS 7| okt
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4.2.3. Brunauer-Emmett-Teller (BET)
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Fig. 16. Galvanostatic charge-discharge curves of GO, PY-NG2, PY-NG3,
PY-NG5, and PY-NG9 at a current density of 0.1 A g'.
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Fig. 17. Galvanostatic charge-discharge of samples at different current
density: (@) GO; (b) PY-NG2; (c) PY-NG3; (d) PY-NG5; and (e) PY-NG9.
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Fig. 18. Specific capacitance of GO, PY-NGZ2, PY-NG3, PY-NG5, and
PY-NG9 at different current densities (0.1 - 5.0 A g™.
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Table 3. Capacitance (F g') of samples on glassy carbon (GC) electrodes
by galvanostatic charge-discharge analysis in 1.0 M aqueous H,SO, solution

at different current densities

Capacitance (F g™)
Sample
0.1A 0.3A 0.5A 1.0A 2.0A 5.0A

GO 90 66 59 54 49 49
PY-NG2 121 109 105 98 91 85
PY-NG3 154 133 123 114 105 96
PY-NGb5 214 185 143 118 107 96
PY-NG9 134 122 113 104 96 85
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Fig. 19. N, adsorption-desorption isotherms: (a) PY-NG2; (b) PY-NG3; (c)
PY-NG5; and (d) PY-NG9.
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4.2.4. Electrical conductivity
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Fig. 20. Electrical conductivities of GO, PY-NG2, PY-NG3, PY-NG5, and
PY-NGO.
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4.2.5. Stability test
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Fig. 21. Capacitance retention of PY-NG5 at a constant current density of

10 A gt
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Fig. 22. Cyclic voltammograms (CV) of samples on glassy carbon (GC)

electrodes in Np-and Os-saturated 0.1 M aqueous KOH solution at a scan

rate of 10 mV s% (a) PY-NG2; (b) PY-NG3; () PY-NG-5; and (d) PY-NGO9.
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Fig. 23. Cyclic voltammograms (CV) of commercial Pt/C electrocatalysts on
glassy carbon (GC) electrodes in N,-and O,-saturated 0.1 M aqueous KOH

solution at a scan rate of 10 mV s.
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Table 4. Capacitance (F g9 of samples on glassy carbon (GC) electrodes in
N;-and O,-saturated 0.1 M aqueous KOH solution at a scan rate of 10 mV

S—l

Capacitance (F g™)
Sample
Nz O2

PY-NG2 99.16 110.50
PY-NG3 103.16 119.75
PY-NG5 94.60 106.35
PY-NG9 64.56 74.72

Pt/IC 87.50 108.33
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4.3.1. Linear-sweep voltammetry (LSV)
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Fig. 24. Linear sweep voltammograms (LSV) of PY-NG2, PY-NG3, PY-NGS5,

PY-NG9, and Pt/C with a rotation rate of 1600 rpm and a scan rate of
10mV s
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Table 5. Onset potentials and limiting diffusion current at -0.6 V of all

samples on a rotating disk electrode at a rotation speed of 1600 rpm and a

scan rate of 10 mV s

Sample Onset potential (V) Current at -0.6 V (mA)
PY-NG2 -0.189 -0.145
PY-NG3 -0.181 -0.163
PY-NG5 -0.248 -0.129
PY-NG9Y -0.249 -0.119

Pt/C 0.030 -0.262
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Fig. 25. RDE voltammograms in O2- saturated 0.1 M aqueous KOH solution
with a scan rate of 10 mV s at different rotating rates of 600, 900, 1200,
1600, 2000, and 2500 rpm: (a) PY-NG2; (b) PY-NG3; (c) PY-NG-5; and (d)

PY-NG?9.
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Fig. 26. RDE voltammograms of commercial Pt/C in O,- saturated 0.1 M
aqueous KOH solution with a scan rate of 10 mV s at different rotating
rates of 600, 900, 1200, 1600, 2000, and 2500 rpm.
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Table 6. Electron transferred numbers (n) of all samples from RDE

measurements at different electrode potentials of -0.4 V, -0.5 V and -0.6

V.
Electron transferred numbers (n)

Sample
-0.4V -0.5V -0.6V
PY-NG2 3.56 3.69 3.79
PY-NG3 3.47 3.63 3.78
PY-NG5 2.44 2.45 2.51
PY-NG9 2.20 2.18 2.23
Pt/C 3.97 3.96 3.96
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