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Emission of conjugated polymer coated CNTs

under visible light!

Jinyoung Kim, Hyungsook Lee, and SeGi Yu?

ABSTRACT : We have fabricated a polymer, here poly(2-methoxy-5-(2-ethylhexyloxy)-1,4-pheneylenevinylene))
[MEH-PPV]/carbon nanotubes (CNTs)/indium tin oxide thin-film device that exhibits highly efficient photoemission
at visible range. Under the illumination of 355 nm, electron emission of coated CNTs was greatly enhanced more
than three order of magnitude. These polymer coated CNTs were made by conjugated polymer coated single-walled
CNTs. This device utilizes the strong local electric field of CNTs, which can lead to avalanche type electron
multiplication in the polymer. Since the energy of the light was larger than that of the polymer, photoemission from

MEH-PPV might play an important role in this electron emission.

Introduction

After the discovery of carbon nanotubes (CNTSs) by lijima [1], intensive researches have
been poured in this field, especially on the field emission [2-4]. Many potential devices have
been proposed using CNTs, such as lighting element, energy storage, transistor, chemical
sensor, and etc. However, there have been few efforts to utilize the accompanying strong
local electric field of CNTs due to sharp geometric nature of the CNTs [5]. With the rapid
progress of organic electroluminescence displays (OLEDSs) [6], much attention has been paid
on organic materials. The discovery of polymer light-emitting diodes (PLEDS) is one of them
[7]. Since the beginning of research on OLEDs in the early 1980s, the technology has
undergone remarkable development, and attracted great interest in the display technology
industry, because of their low cost and relative ease of fabrication. Due to the possibility of
adopting easy process in the device fabrication, polymers have been investigated in many
potential devices. Here, with the aid of this high electric field, electron emission of poly(2-
methoxy-5-(2-ethylhexyloxy)-1,4-pheneylenevinylene)) [MEH-PPV] coated CNTs under the

visible light will be investigate with a potential use in photoemitting or photovoltaic devices.

1 This work was supported by the research fund of Hankuk University of Foreign Studies, 2006
2 Department of Physics, Hankuk University of Foreign Studies
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Fig. 1. Schematic diagram of the structure of the device.

Experiments

Polymer/CNT-paste/indium tin oxide (ITO) glass was used as cathode and a metal mesh was
used as anode, where cathode and anode plates were separated by spacers. Before device
fabrication, the ITO-coated glass substrate was cleaned ultrasonically with a detergent
solution, deionized water, acetone, and isopropyl alcohol (IPA). The CNT-paste consisted of
single-walled CNTs (purchased from CNI [8], used as received), organic binder, filler, and
terpineol. On the substrate, CNT paste was screenprinted and subsequently fired at 400 °C
during 30 min. In order for CNTs to be exposed, CNT activation was processed by the taping
method [9]. MEH-PPV (purchased from Sigma Aldrich, used as received) [10] was dissolved
in the chloroform solution to make 60 mg/ml and stirred at room temperature (RT) for 24 h.
It was spin-coated (at 2000 r.p.m.) on those CNTs, and the sample was heated at 100°C for 1
h in a vacuum furnace. Field emission and photoemission were measured in a vacuum
chamber with the spacing between the cathode and anode plates were maintained to be 1.22
mm. The area covered by CNT-paste was 1 cm?. Figure 1 shows the schematic diagram of
the fabricated device. A Nd-YAG laser was used as an light source for 355, 532, and 1064
nm. All data were taken under DC bias conditions with Keithley 248 and 6517 measurement

units.

Results and Discussion

For comparison, field emission of CNTs without MEH-PPV was performed for comparison
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Fig. 2. (a) Electron emission of CNT under light illumination. (b) Electron emission of MEH-PPV/CNT

under light illumination.

under three different wavelength light illuminations. Little emission change was detected for
three wavelengths. However, electron emission for MEH-PPV/CNTSs under visible light was
different. Current was increased roughly three order of magnitude under illumination of 355-
nm in the low applied voltage regime. In this low field, i.e., lower than 1 V/um,
photoemission is more important than field emission, since the electric field was quite
weaker than normal field emission. In general, the turn-on field of CNTs was in the order of
a few V/um. Only SWNTs with very good crystalline structure exhibit the turn-on field of
lower than 1 V/¢m. Thus, sudden increase in electron emission under the illumination of 355
nm was strong evidence of photoemission. Considering the band diagram of MEH-PPV, the
photon energy is high enough to excite electrons from the HOMO of the polymer. Figure 2
shows the 1-V characteristic, of the fabricated device. The polymer coated CNT device shows
excellent photoemission at 352 nm, but the bare-CNT device did not respond at 355 nm. The
photoemission of polymer coated CNT device starts at 150 V. Figure 3 is scanning electron
microscopy (SEM) images of CNTs before and after thermal treatment (400 °C, 30 m, in the
air environment). The thermal treatment of CNT-paste evaporates remaining organic
materials. The thermal treatment of CNT-paste is a very important step in the fabrication
devices, increasing the efficiency of electronemission and the uniformity of emission. The

thermal treatment of MEH-PPV has a lower roughness surface.
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Fig. 3. The scanning electron microscopy (SEM) images of CNT-paste before(a) and after(b) thermal
treatment.

The three order of magnitude increase in the electron emission for the low field under 355-

nm was quite huge enhancement. Thus, this may be easily applied to photon detection due to
the excellent light sensitivity. This enhancement was probably caused by the strong local
electric field around CNTs leading to the avalanche electron multiplication [5]. Considering
the fact that many organic based photovoltaic devices need an electric field to decompose the
excitons generated by the light [11], this experiment may suggest one method to increase the

efficiency of the device albeit remaining of other problems.

Conclusion

We have fabricated a MEH-PPV/CNTs thin-film device that exhibits highly efficient
photodetecting at visible range. This device was made of conjugated-polymer coated SWNT.
These devices utilize the strong electric field of CNTs around the polymer. Under the light of
355 nm, electron emission of coated CNTs was greatly enhanced more than three order of
magnitude. Since the energy of the light was larger than that of the polymer, photoemission

from MEH-PPV might play an important role in this electron emission.



Emission of conjugated polymer coated CNTs under visible light

References

(1]
(2]
(3]
[4]
(5]

(6]
[7]
(8]
[0l

S. lijima, Nature 354, 56 (1991).

D. S. Chung and et al., Appl. Phys. Lett. 80, 4045 (2002).

F. Ren and et al., Science 282, 1105 (1998).

W. A. de Heer, A. Chatelain, and D. Ugarte, Science 270, 1179 (1995).

Whikun Yi, SeGi Yu, Wontae Lee, InTaek Han, Taewon Jeong, Yoonseong Woo,
Jeonghee Lee, Sunghwan Jin, Wonbong Choi, Jungna Heo, Dongryul Jeon, and J.M.
Kim, Appl. Phys. 89, 4091 (2001).

SeungHo Kwon, SangYoon Paik, and JaeSoo Yoo, Synth. Met. 130, 55 (2002).
D. Braun, D. Moses, C. Zhang, and A. J. Heeger, Appl. Phys. Lett. 61, 3092 (1992).
http://www.chanotech.com

T. J. Vink, M. Gillies, J. C. Kriege, and H. W. J. van de Laar, Appl. Phys. Lett. 83, 3552
(2003).

[10] D. Qi, M. Fishbein, M. Drndic, and S. Selmic, App. Phys. Lett. 86, 093103 (2005).

[11] Gang Li, Vishal Shrotriya, Jinsong Huang, Yan Yao, Keith Emery and Yang Yang,

Nat. Mater. 4, 864 (2005).



J. Basic Sci., HUFS, 22 (2006), pp.

Hk-3-0] AT E MgB: X859 £33 EA9 w3zl

8 & : Mg9 BES AFUER ET T o 2ddA 2HAEAJ] MgBz polycrystals
Z-skoint. oF 3%k 71be] astelA AAE

grindingdt A|Ztz} ot yiela] A st 23S HIAIAA ¥ AxE A &
Za v ERoA REGAIZ AR BT HHEE A ¥ W Mgyt o] Btk dE 54

MgB:Xth 238 dAmAeo] FE3kon
ZAE Aot ¢kt 7FA%HS BYrh High power A$EAS UER+ vortex pinning®s
ATttt 2ATFANAEAXE AFE8L0] magnetic hysteresis curveE =743slo] o] ZILE
critical current density® &% W 71F9 52 AASII T wHkE Mgyl @2 A RES
Hh-go]l AR & o]Folxl Az HA vortex pinninge]l "¢ kRS & & UUTh o]+

SE7F EEbEA, 71 A7 AXEA B FEAA BT

TE5A (A7) o] £2 AEZ 7MY 52 2R Hol2k(To)E HAY
ol#i3t AL TEAEEY TLEAEA AL dvtgor AU, 53

microstrain, 2452 off—stoichiometry ° 293t defect scattering &= 2¢}3}ol
719981 dof. Bl R e ANk A Ao 71 A4 SA4S  Qle=d ol st
AEES AeE ALY A AHERS vE YERdE  residual

resistivity ratio 7} ¥ %] A& HldA w9 FA YElY E3] 2FHE Aol

=l

] A 9le] olafe] o] ol A 7).



s

vkE 23] oA 2] normal state B A Fk(residual resistivity)©] #H XA Al

HslA MgB: ZAEAE oldxAY ed zdoln 1 FAAAER
Magnesium ¥ Boron ©] A7) &
oA Al Wi frefd uAE AP skal vt

BAH e 712l B FEAlgE, dE =W eslda gy

AstrsAel ol Sl v@ A &% nuEQch[3-4] ey e

o] o]

SR [2,5,6,10—-17] =371l AuiHl el w=w %9 MgB:
A4S w9 & RRR (RRR~25)Z 7FAoF atx 40 K olA9 residual
resistivity 7} °F 0.4 puQ-cm ©°Jslelr 5 K Wl A2oA 4 HEE
WAV Thekd Aol AA FrhaoF stk Aotk [2,5,6] [olF MEES
‘highRRR—MgB," ©|etil F-27]2 3kak] o]#fgh ojxde 7 AF1x o] U
o UE SH0E 42 AARE AN E Adet dFs FA HAT
°

gy e 2R, 237 2R 259 A5 Al did Aud |

Lo} g ael vletd wi-¢ A OF B A A =l
a8y o] aFEel H=A dEA MgB: AMES Aol AEEA
= d7el 2 A3 2719 AMAQ dde wixHe AdE EA
th[18-22] @2 AR5 thst o] HiuFe] W=w +£53 MgB: 9
RRR %2 5 A %9] 1l residual resistivity &= 1 puQ - cm ©]%40] 1T},
Aol v e s 7R o2 7FA MgB: =

HAEEA I pinning E4E Ao EAstzA o). agste] @A 3 7)1E9

ofy
ko

2

ol M

do 32
Jlm
2

O

e



whgo] A me] WE MgB A8 Ed4 549 w3

tpagatolel  EAskE B0 AolE AWstu ufeEde SAsh SAE
MgB: A=2] 7=l Wik olsi & &aLs] sfaak shth obzel o] =42 S8

71 =223 A4 ZQl pinning EA 0] B A WHEEE=AT &

r®
_0|L
kl
Y
ro
i)

A3

12—mm cubic multi—anvil—type Z# A5 AFE3}o] 3 9 7|golA &
dAgste] AY ARE ALt [10,23-26] F el YAl Magnesium
ol gk Boron ®WolelE E@stal b v Ta =gl 230k fHes A9Y
FE ] Carbon 3|H 9] Tl Y ube] Hepolt HAAE ¥ & 790l
=9 ASdA golEdgolE(dEAGED o YolA gz e
AT AEY W AEE vkl ®sA7]7] dsiA 12 d Ay 2
7he A& =4dekglth. A-MgBe gt AlEE AREE= (precursor) & S-9]
Zobd A thE askelA= 950-1000°C oA dAEE Tl wheE
B—MgB; ¢} C-MgB; & %= ¢ke] AFHY 7l Al E0l1
dAe &Ex wFo] 247 900 18 il 850°C oA ®Eg& kit
ANAEEE 20 v 2 (0.5xIx4mm?) o MEZ EF 4
FAXYRAANE o]fsle] =A3P T field—emission scanning electron
microscope (SEM) ¢ Fetdr| = olgstol AgE #5724
e x=A EEATE AHESISIAL vortex pinning 54 & 2ME 54=
BEA8L7] QA 2R =97 A A] (superconducting quantum  interference

device, Quantum Design, MPMSXL) & A}-8-3}9it}.

A3 9 24
HESE AlEE59 EH5S B7] falA cleave 3F Ut HEdw|AHo=R
HA2s Au}(polishing) 3t oS  FAFAAE Y] A (scanning  electron

microscopy) &2 #&EATH ¥ 1(a)ol ¥l AAY w3 Axrp 7p



Figure 1) (a) Well connected grains in A—MgBa. scale bar of 5 u m, (b) MgO

impurities in B—MgBz and C—MgBg, scale bar of 5 u m, (¢) Unreacted Mg in C—

MgBg, scale bar of 100 um.
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Figure 2) Normalized magneization of MgB2 measured at 20 Oe. The solid line, the
dashed, and the dotted lines are for A—MgB2, B—MgBg, and C—MgBg2, respectively.
7c was 38 ~ 39 K and A7c was 0.5, 3.5, and 4.5 K, respectively. The inset shows
the magnetic hysteresis curve, M(H), of a piece of A—MgB2 (m ~ 78 mg) measured
at 5 K and 30 K.
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Figure 3) Resistivity for various kinds of MgB2 at O, 5, and 10 T. (a) RRR ~ 5.8,
MR (40 K, 10 T) ~ 12% for A—MgB2. (b) RRR ~ 9.9, MR (40K, 10 T) ~ 111% for
B—MgBgz, (¢c) RRR ~ 13.7 MR (40 K, 10 T) ~ 224% for C—MgBgz, (d) Resistivity
for pure Mg.
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olm, NAALEA AFFE My AgHo st A 240 FSeF

A Eo] A% AZE . Amoxapine, demexiptiline, leferpramine® bridged

tricyclic 3&%¢< maprotilineo] olu] A|#E &= X R A Eo|H(Figure 1).
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Figure 1. Structures of tricyclic antidepressant
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Figure 2. Structures of MAO inhibitor
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s—adrenoceptor antagonist Al¥, a 1—adrenoceptor agonist AY, inverse

GABA agonist A€, CRF antagonist Al¥, inositol monophosphatase inhibitor
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Figure 1. Extraction and fractionation of MeOH extract from the roots of Ostericum

praetericum
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Corrosion and Passivation of Nickel in Aqueous

Borate Buffer Solution?!
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Figure 1. Potentiodynamic curves at the Ni-RDE in 0.10 M borate buffer
solution. (pH=8.86)
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Table 1. Electrochemical parameters obtained by the equivalent circuit

simulation.

parameters -0.6'V -04V -0.2V 0.0V 0.5V
Rer(kohm=em?) | 18.3 8.38 12.0 44.7 62.8
Rs(ohm#cm®) 20.2 22.8 20.6 18.4 16.6
Yo(uS#*s® /cm®) 129 53.4 56.2 30.5 54.4
a 0.787 0.859 0.832 0.854 0.792
X ° 0.002 0.0008 0.003 0.005 0.001

whlE w7 HoleE 0.0V, -0.2 V, 0.4 V¢ 4% CPE F<7F 0.85.t}h

B2 CPE AENpE =ALZEHC)oz2 AZetd Asto]=(charge transfer)©]
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Table 2. Electrochemical parameters at 0.0 V against rotation speed.

parameters 0 rpm 1000 rpm 2000 rpm 3000 rpm
Rer(kohm#cm?) 44.7 44.5 35.7 44 .4
Rs(ohm#*cm?) 18.4 21.3 20.8 20.2
Yo(uS#*s® /cm?) 30.5 32.1 30.8 30
a 0.854 0.858 0.871 0.865
X 2 0.005 0.006 0.009 0.008
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Figure 10. Nyquist plots for the Ni-RDE at 0.0 V.
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Table 3. Electrochemical parameters at free potential against rotation speed.

parameters O rpm 1000 rpm 2000 rpm 3000 rpm
Rer(kohm*em?) 7.53 8.61 6.01 7.20
Rs(ohm#cm?) 19.9 19.4 24.6 21.8
Yo(uS#s® /cm?) 50.1 45.2 48.6 54.1
a 0.819 0.845 0.869 0.855
X 2 0.003 0.005 0.003 0.006
8k T T T T T
[ ® Orpm
7k O 1000 rpm 7]
I A 2000 rpm
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Figure 11. Nyquist plots for the Ni-RDE at the free potential.
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Corrosion and Passivation of Cobalt in Aqueous

Bicarbonate Buffer Solution?

AR, AAF
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T4 RDEXSS AMgste A% @ol o]Fojxa 9lvb[17,18].
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bath[19] °IA) Au-diskell A&} =53 Co A=E& ARgstltt. RE #7153}
A8 Ar t)7] offol A a8 o, GamryAte] PCE 243} potentiostat
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3. 23 € nF
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Figure 1. Typical Tafel plots for the electroplated Co-disk in bicarbonate
buffer solutions with the scan rate of 5 mV/sec.
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Fig. 47} Levich 2}[21] ¥ €X3}t= Ao 2 Hol Cool FH2AHEEe Ehal
A8l (diffusion control)ol] &J&3ste] dojy= Ao Z Hojt} 1000 rpm F-Hol A

)
71977 A4 Wate Ao ol T FRe] SAA ] wgo] dojifi Ao

2
HAth W& sHd&me A=, AAEC] UA RS borate H9-[22]9F
H] =23 Zo® Hol Co(OH); TE CoO ¥To] MAEE 7oz Holn &
3 AEEY] A HCOs ol 3oz CoCO; [8]1FL Co304 [12]17F

olt}, wre P&l A9 HHo] 0.036 mA/cm?

= 3
108 AX =4 SAHHAG. ol Co0E FFoz 3 Atslydo] CoCOzE
ZW 3 (compact) 7+Zo]7] WjEY Ao|t}.
Tafel plots(8.5 x)9 {dE/dlogl}. A3 {dE/dloglt. Aol whip=

;91 QEFFH l?—él ;ﬂ‘ﬂ (Ecorr, VOltS)ﬂ' l?‘};} ;ﬁ%‘(lcorr, UA/CmZ)—E‘:’: @]—%6}9}9_\1] )

=

Ohme] WMol ALYE E.n—20 mVOlA Eent 20 mV Ato]e] A 9]-HF#A
(Fig. 5)2 5 25 A%R)E AMste] table 1o LoFagict

1.0x10° T T
—— O rpm i
........ 500 rpm :
------- 1000 rpm |
PR 2000 rpm "
5.0x10™ - i

0.0

Current Density, Alcm’

-5.0x10™ & —
-1.0 -0.5 0.0 0.5 1.0

Electrode Potential, Volts

Figure 3. Potentiodynamic curves for the cobalt-RDE in 0.10 M
bicarbonate buffer at pH=8.70. dE/dt=5mV/s.
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Table 1. Electrochemical parameters obtained from linear polarization curve
and Tafel plots of Co-RDE in bicarbonate buffer (pH=8.70).

W, rpm Ipeak, mA/cm® Ecorr, Volts Teorr, UA/cm® Rp, kohm#*cm?

0 0.132 -0.728 6.9 3.74
100 0.19 -0.621 19.3 1.34
250 0.292 -0.576 27.9 0.933
500 0.385 -0.56 42 0.622
1000 0.459 -0.521 133 0.159
1500 0.497 -0.51 195 0.132
2000 0.512 -0.516 179 0.145
2500 0.546 -0.516 214 0.122

Table 125 3|dEr2o] e F4H9fE Fig. 6], #

Fig. 7o Yeh AT
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Figure 5. Typical linear polarization curve for the measurement of
polarization resistance (R,).
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Figure 6. Effects of rotation speed on the corrosion potential.
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Figure 8. Schematic polarization curves for metal corrosion in deaerated
aqueous solution for two different mass—transfer conditions, ®1 and 2.
Anodic and cathodic polarization curves are represented by Ax and Cy,
respectively.
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Figure 12. Effect of rotation speed on the anodic peak current density of
Co-RDE in 0.1M NaHCOs; + 0.05M NaCl solution.

Table 2. Electrochemical parameters obtained from linear and Tafel plots of
Co-RDE in bicarbonate buffer containing 0.05 M NaCl.

W, rpm | Ipeak, mA/cm® Ecorr, Volts Teorr, UA/cm?® | Rp, kohm*cm®

0 0.095 -0.689 5.6 3.71
100 0.20 -0.614 12.9 1.97
250 0.27 -0.542 20 0.83
500 0.35 -0.564 38 0.71
1000 0.45 -0.547 54.3 0.58
1500 0.52 -0.542 65.8 0.47
2500 0.61 -0.524 89.4 0.33
3500 0.69 -0.517 123 0.20
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Anodic Dissolution of Electrodeposited Cobalt in
Phthalate and Phosphate Buffer Solutions!
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3.1 Tafel relation and Corrosion potential in Phthalate Buffer Solutions.
pH 2.11~7.069] phthalate &EF&dN A, AFHLE &F -0.9V 9|4 -0.2V
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Figure 1. Typical Tafel plots for the Co-disc electrode in phthalate buffer
solutions with the scan rate of 5 mV/sec.
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Table 1. Electrochemical parameters obtained from the Tafel plots in
phthalate buffer solutions. (B.): anodic Tafel slopes, (B.) cathodic Tafel
slopes.

pH ~Ecorr, V Ba, V |Be|, V| Leorr, uA/cm® | Rer, kQ/cm®
2.11 0.475 0.108 0.112 117 0.089
2.89 0.512 0.131 0.106 84 0.28
4.02 0.578 0.245 0.092 40 0.506
5.04 0.636 0.092 0.119 28 0.9
6.02 0.669 0.058 0.126 23 1.35
7.06 0.725 0.065 0.147 3 6.41
-0.45 I . T T T
-0.50 | E
dE_ /dpH=-51 mV(C.F.=-0.998)
-0.55 | E
2
g -0.60 | g
W 65| . .
-0.70 | E
_075 1 " 1 " 1 " 1 " 1 " 1
2 3 4 5 6 7
pH

Figure 2. pH dependence of corrosion potential(Ecor) in phthalate solutions.
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Figure 3. pH dependence of the corrosion current in phthalate buffer
solutions
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Figure 4. pH dependence of the fraction of phthalate species.
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3.2 Tafel relation and Corrosion potential in Phosphate Buffer Solutions.
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(C.F.=-0.999) conr "

1, =128 uAlem’
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Figure 6. Typical Tafel plots for the Co-disk electrode in phosphate buffer
solutions with the scan rate of 5 mV/sec.

Hgalgon, ¥ el Tafel

Hhgol dojub= dgelM Z+7} linear fittings N
lIZLZ\—I\l xd‘?r(lcorr) %‘(l]

£

Aol whpis Hel ARRE EAA (B, AF R



AA A A

A7188H4 g E5 PAR EG&GE M352 corrosion softwareS AF&3e] 3
table 20 Q.9F3}Slt}h, Table 29 <tA3le] phosphate $ha-8 Aol Al F-214 e}
BAXF FFA pH JEEE Fig. 73 8¢l VFERIT

Fig. 714 H®¥ u}e} 7ro] phosphate &8N A 249 el pH
oJEEE pH 45 THOE AR o&E A3S Btk pH 490]steld dE/dpH =
-81 mV oA %+ pH 4 o]4ell A dE/dpH = -30 mV o]t} ¥-21dF 2] pH &%
Al pH 45 FAHo=Z 7}7] & s Bt (pH < 4, dlogl/dpH = -0.2;
6<pH<8, dlogl/dpH = -0.5). o]# g A3}= pHe| W3lol| s phosphate 313}
%9 Eg(fraction of HsPOs, HoPOs~, HPO4®, and PO ol Q8FS Wk Ao
Helt}

Table 2. Electrochemical parameters obtained from the Tafel plots in
phosphate buffer solutions.

pH ~Ecorr, V Ba, V |Be|, V| Leorr, uA/em® | Re, kQ/cm?
1.84 0.498 0.028 0.158 154 0.098
2.18 0.518 0.028 0.145 128 0.1
2.99 0.593 0.044 0.109 100 0.126
4.02 0.670 0.063 0.123 62 0.302
4.48 0.681 0.077 0.226 67 0.277
5.31 0.710 0.156 0.093 63 0.243
6.20 0.711 0.122 0.124 39 0.5
6.87 0.755 0.059 0.046 18 0.42
7.73 0.779 0.082 0.065 6 2.8
8.00 0.787 0.122 0.084 4.4 3.8
9.01 0.810 0.058 0.053 2.4 4.1
10.00 0.817 0.063 0.076 2 6.9
11.02 0.873 0.102 0.078 2 8.1
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phosphate buffer
T T T T T T T T T T
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-0.6 e
a2
o
> 0.7 E
Wt
-0.8 | -
dE_ /dpH=-30 mV.(C.F.=-0.983)
-09 e
1 1 1 1 1
2 4 6 8 10 12
pH

(dl/dpH) =-0.2 (C.F.=-0.996)
10° | * -

I, uliem 2

(dlogl/dpH) =-0.5 (C.F.=-0.999)
10" | 7

pH

Figure 8. pH dependence of the corrosion current(Ieorr) in phosphate buffer
solutions.
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Figure 9. pH dependence of the fraction of phosphate species

Fig. 9% pHel m& 7} phosphate 3}3 F9o & F&(mole fraction)=
HYAF (101258 ddstq oz Axte Aolth pH7E 4.0 o]8lol A= HsPOy
o} H.PO, 7F F 38t Fom EAst: gF5&den pH 6.0~9.0 <M=
HoPO,~ ¢ HPO,/7F F& EAsts =gololty, 1g]al pH>10.0 ¢l
FAol = POT 9 FFo]l HH ST Fig. 7, 8ol Ei npel o] FA
A9leh ¥4 AFe pH 9FEE pH 45 FHOE MR UE AFS Hola
Atk pH 4 F-Zol A HzPOso &8 719 zero o 7M7h$-H HePOs ¢ &
Lol 7p4vk pH 4 H-<tellA G2 eie B[ pH &&= Wsgit=

A& Co A=HE2o] phosphate species’} & Exl9} AAZH oz FZ 37

e,
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o
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Phosphate buffer ¢ Z9-9|% linear polarization A& H o=

ZA3}lo] table 20 7]E39om pH 9 EEE Fig. 100 YERAL AF<
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o] F% (Fig. 10)9] Aol A= WS & 5 Ut

10 7
E [ ] ]
L n ]
n [ ]
b ]
1<
2
£ a1} i
o
~
o n
[ ]
n
- [
[
O.l_— mn <
t 1 1 1 1 1
2 4 6 8 10 12

Figure 10. pH dependence of the polarization resistance in phosphate buffer
solutions.

3.3 Reaction mechanism—-Anodic dissolution in phthalate solutions.

Phthalate 958 Mo|A Nio] Fo} Yo+ 99l Tafel slope®] At o=
A gt 23 FAAFUeon) 7t pHol AC] oEA] &= A17]13= 24
table 194 X¥E nle} o] Co7t o} Y= AHe Tafel sloped pHO
wstel A ojEst  FAHAF 9 pH ERE HAu Table 15
NEdHqoz & v B. = pHS F#H3HAl ~120 mV °|# B.° 4% pH <
4.0914 = ~120 mV, pH > 4.0 olA+= ~60 mV 2} & 4= 9o Fig. 29} Fig.
3014 B npel o] dE.nw/dpH = -51 mV ©]™ dlogl/dpHe] 2% pH < 4.0
A= -0.30, pH > 4.0 A= -0.12¢|tk.  Phthalate +&&9olA Co?l
Aol pH 4.0 7130 T2 P& Holt olft Fig. 4914 mE uiel

2ol pH 4.0 FZoA ool FARo] H,PT, HPT o4 HPT, PT*&



AA A A

W3ty 7] w&Eolt), o] Co9 ¥-21Hk2o phthalate species?} #odtal Qe

rl

(3

Z70]7]%= slt}. 122 2 phthalate $E&No| A Cool H-21WHELS pH 4.0
FTHOE AR & dbE HAYFORE Ay ojol & Flo|t},

i

3.3.1pH<4.0 & A%

RERES
Co + HZO i CO(OH)adS + I_I+ + e ____(rdS)___ (1)
CO(OH)adS —CO"+ OH  —-———————————— (corr)-—-- (2)

Liiss = Fkiexp{a1.FE/RT} ———-——--——————-———————- 4)

FLAATF L © WA (B oA AAHH 4 (7)o] & Aotk
Lean = Fks[H" lexp{-as.FE/RT}----——---——--——-—————- (7

A7 a? wece BRI (5)Y HolAl(EE AAAD); ki, ks HEE

(LI (5)9 &£xA4; RS 7|AAS FE Faraday A5 TE Agex; Ex=



Anodic Dissolution of Electrodeposited Cobalt in Phthalate and Phosphate Buffer Solutions

A=A ety B AN (E=Ecr) N E (DA liss B (5 Lean < 2k whebA
ki/ksexp{(aiat asc) FE/RT=  [H']7}F A HHsE=E o]gHo=m doA &
B2AGe] pH 9FE dEen/dpH = -59.2 mV 2 o] AgoA A& -51
mVell A8k vk B AgelM T2 AFe FAAR T A dFe pH
NEEE 87 A8 Lo = lass = leam S 1 & Lon” = lass*lean =
Fkiks [H" lexp{(a1a—0sc) FE/RTI7E - ek o] AomREH  de o]&3<l
F21479] pH 9&% dlogleorn/dpH = -0.50]t}. o= AFFL -0.333 ztol&
Hola 9o eolgjg zkolE Co M=ol Hp0°0l F&%+= #4 (WDl
HoPTeoF HPT 7} @3s mA7] & slo]th

3.3.2pH > 4.09 3%

o] Z$-o cathodic Tafel slope B .+ pH < 4.09] 49} Z2 ~120 mV o] AWt
anodic Tafel slope B.&= pH < 4.0¥ Z5-<9 th24 ~60 mVel FHtgtrt,
aHeg gy 2 Abshikg HAS Aleksiqitt

S
Co+ HoO < Co(OH)ags + H" + €7 ————————————————- €))
Co(OH)ags — Co™ + OH™  ——====—— ——————- (rds)-——-(9)

B (9l tiek Hx 242 o P
Fkg:+ (1-0 ) explas.FE/RT} = Fkg-0© [H" ] exp{-0s.FE/RT}
0 /(1-0) = (ks+/ks-) (1/[H" ]) exp{(ogat 0sc)FE/RT}
= K(1/[H" ] exp{(ogat+ 0sc)FE/RT}
7]l A © = coverages YWERW FAHAF [=Fkeo o olate] €& + SUth.

L coverage & O 7} zeroo| H3H FEAARF Iy = 2 (10)o] Hr}.
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Laiss = FkoK(1/[H" 1) exp{ (aga + 0s.)FE/RT}
= FkoK(1/[H" 1)exp{FE/RT} (aga =0gc= 1/2) -—-—-—-————- (10)
FARkS o] A9= pH< 4.0 ¥ L& Aot}

=
=
(g
=2
o
40

{‘

H" +e” — Hus  ——========—==-=——- (rds)-- -~ (11)
Hygs + e+ H - Hy ~  —————m———~ (fast)———-—- (12)
g PR FAAF Lan = 92 QD siA A2AHEH 4 (7)o] & Ho|t}
lean = Fki1[H" lexp{-011cFE/RT}  —=—==—=————mmmmmmm (7)
3.3.1004 Ak ukel ol FAHS] (E=Eco)AE laiss = I ©ITh
ael2 2 exp{FE/RT}/ expi{-o11.FE/RT}=constant*[H"]*> ------ (13)
2](13)°l logEs #3lH
{(1+ o11c JF/2.303RT}Ecorr =constant — 2pH ~ -————————————- (14)

A(1HEFE FAA%e] pH 9FEE dEe/dpHE  F3bd Aol Al5=7F 1/2¢)
A9 ~-80 mV o[t} o]E A@Z -51 mVe} AE zto]S HTh FAHF 9
pH 9&EEEZ Fa7] 938t 3.3.1 WHS o83 lon’ = lisstloam
kexp{(1-a11c)FE/RT}7} ¥t} o] 2oz RE A& o]&FQ FAHFe pH
o]E%E dlogleor/dpH = 0]t} o] 9A] A3k -0.127 #o]& Holil 9

1= pH7E Z7H845 PT 7 kst H.07 @7 Codl=el AAA o=
tal7] w2 Aotk

o

rr

o
Y

3.3.3. Phthalate species?] E&& na T A$

ro Al =o]st whe} o] Co M= AbsNbg-9] &% AA WA= pHel weth
tt2t}, o]+ pHoll wE =8 M2 phthalate species®] FAJo] th=11 o]z 3t
phthalate species?} HoO9F AAA 02 Co Aol F-2atdA] A3gre £ o
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doks vz 7] wWjFEY Aolvl., 1|22 Co A= phthalate species® &

EES dotny] flste] g3t 22 vk m7tUESE Altetaat o

ri

sak-s

Co+ xHo0+ (1-x)HPT < Co((OH)x(HPT)1-x)ags + xH™+ e ———-(14)
Co((OH)x(HPT)1-aas — Co™ + (1-x)HPT™ + xOH™ ---(rds)--(15)

2Co" — Co?" + Co (corr)-——(16)
3.3.2 Al M9} e o RE BAAF Iy & ToHH U3 2

Liiss = FkisK(1/[H" 1exp{FE/RT} ----=-————————---- (17
FdnkS
yH" + (1-y)HPT +e” — Hags + (1-y)PT* +e” -=(rds)---- (18)
Hags + €+ H" - Hy  ——= —=—————————~ (fast)-—--- (19)
PR @R e 2o

Lean = Fkig[H" Pexp{-a1sc:FE/RT} ——======—-—--—m-—- (20)
stoll A A WS ol &ste] FA A Eeons ToHH

[(1+ a18)F/2.303RT [ Ecorr = k[H" Y —mmmm oo 2D
dEcorr/dpH = =(x+y)*40 mV (HFAAF 0 = 1/2) ===~ (22)
Leorr” = laiss*Lean = kK[H" 1" “exp{FE/2RT}

dlogleor/dpH = =(y-x)/2  —======—==—=——————————- (23)

oAl P& (22), 23)A ] AFAE i
pH < 4.0%1 A%
(x+y)*40 mV = 51 mV
(y-x)/2 =0.33

2F



A D

o] A& EW x=~0.31, y = ~0.96 o]t}

(x+y)*40 mV = 51 mV

(y-x)/2 =0.12

o] A& &9 x=~0.52, y = ~0.76°]t},

o7l A e x= AbstAIFeA 9] H,09 F32 E&olm yu A A9
[H"1¢] &2 E&olth. = o] A3elA dojxl A3 AI}EL2 pHO| Wshol] we

Co ®= e = & B8] Wste A49d 5 gk
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£
o
2
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rlr
o
S

3.4 Reaction mechanism-Anodic dissolution in phosphate solutions.

Table 294 H®iE #H}e} Zro] phosphate FEgMNoA pHY wWE CoY
anodic Tafel slopes (B )< 28 mV ~ 156 mV, cathodic Tafel slopes (B o)<
46 mV ~ 226 mVez t4d gs 7HAAR FH A8 =8t B pHel
w2} = phosphate ion® FAl wel Mz UE A4S HAdS & F Utk
MEHoz BH pH < 4.0 ¢ strong acid A = HizPOZF F AEST Aol A
Ba=~30mV, Bc=~120 mVol <483t o 4.0 < pH < 6.521 weak acid
A1 Al Hall HePO, 7F F AR A YGelA B 60 ~ 120 mV, B & 120
~ 60 mV #& zte WA pH > 6.59 A9 F HPO 7F Awljshs ool A9
B & weak acidol A€} B]23 60 ~ 120 mV, B &= ~ 60 mVe #e& Zheth
o5 nig o T3 2 Rk HAYSFS Altstaa} gt

3.4.1 pH< 4.0 A%
A Augt ZAF pH < 4.0 Q1 strong acid A9 =5 HzPO7F + i<l

A A B, = ~30 mV, B.= ~120 mVell 333l Jom Fig. 74 H&
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Hpel o] F-217d<te] pH oE% dEcon/dpH = -81 mVolth, &3} 22 whg
=

=2 v = 2R
Abet-g
Co + H,O0 < Co(OH)ys + H' + e  —————————- (24)
2Co(OH)aas — Co* + Co + 20H"  ——————- (rds)---- (25)

2

o] g A AF lass © HESA @Dl Eld AAHY vy o] 4
(26)0.2 Yeld 4 9t} 2 (26)0. 2 FE 3 Tafel slopee ~30 mV7F o}

Taiss = 2FkosO 2
= 9Fkos [(K/[H Dexp{FE/RT} 12

= (k/[H+ 19)exp{2FE/RT} ———=======mmmmmmm (26)
il
I_IjL + 67 - Hads __________________ (rdS) ______ (27)
Has + e+ H - Hy ~ ——————————- (fast)——---- (28)
AT Lean = WA 27 o 2HEM A (29)0] & ol
lean = Fkor[H" Jexp{-oag7FE/RT}—===—==————————-——- (29)

oJ7]elA  © &  coveragegs WERW g WES(Q27)S] HoAlF(EE
A AAP); kos, ko= HHS (25)F (27)9] £E44 R 7]A44; F= Faraday
e T A2k Ex d=d9olt. A A (E=Ewm) e (2602 Luss
2D Lan = 2ok weEbr] Crexp{(2+ 02 )FE/RT}= [H']? (C& 457}
dfstm o] 2ol logE #o AEstH [(2+ a27)FEcor/2.303RT] = -3#pH 7}
Aoy agug o]gAow dojA= FAHAY pH 9EEE dEcn/dpH =
-3%[2.303RT/(2+ ax)F] = =7ImVE o] Agol 4L -81 mVel 33t
Ath.  Phthalate €F&dolA H&PA 3} mpriAl= B2 HFe pH



A D

NEEE T3] A8 Lo = lass = Lan 5 ©1 83 Low” = lasslean =
k/[H" Dexp{(2-a2;)FE/RT}7F Hth. AolAlF ayrs 0.52 HF38tal 29
kMol logE FHahH 2logler = pH + const. + Eeon/(40 mV) 7} Er}h, 1281
of oA uetts FAHY Eco(mV)= -71spH + const.® Fo]*|= pHel
ojEgtroltt. aelBRE o] Ag FAHF A Yo AestH 2logleor = pH +
const. + Ecor/(40 mV) =pH -1.78+pH + const. = —-0.78+pH + const.7} Et}.

el H25Fe) pH 9F% dlogleon/dpH = -0.390]t} o] &=
SAA -0.29F e AolE Holal lom o]k xtoli= Co M=ol Hp00°]
o] AbststE #Ael H:POs9F H:PO, 7F 93t d3s vas B

2}
Ul gatAgke] dFo R e 7|2l oz Azte,

3.4.1 40<pH<6.5% 7

o] 49 = HePO, 7} F A<l A9 B .= ~ 60 mVelA A=t S7hshed
~ 120 mV7FA W3sta, B 120 ~ 60 mV S zrerh ®mu opyg)
dEcorr/de = -30 mV, dloglcorr/de = ~ 0<d ﬁoi E_O]- Co ﬁ%g/l E‘é}

HAYZFo] strong acid 4= v WIAYUFOE AHEoF & A ot} .5
60 mV, B2 120 mV, & 7}4g 249$ Co A9 F24 wWAYSEL phthalate
458Nl 2] phthalate ions9 FFS LA F2 dAUSEFH ZFE
HAUES AT 5 gtk o] Agel Akl gt Ikt A A7),
FAvkgel e Lane 2 20)22 Fo%

gl

==

laiss = FKK(1/[H" 19exp{FE/RT}  ====--=======------ (17)

Leath = Fks[H" Yexp{-a.,FE/RT} —--—=--——=—-——--——- (20)
aEEgE 2 (171D 24 QO)LZEFE doAE B, B 272 60 mV, 120
mVo|th <rolA] F-A Ay FAMF pH oFERE 4 (22), (23)o® Fo37
b 2l
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dEcorn/dpH = =(x+ y)*40 mV (HH A} o = 1/2)—————————- (22)
Icorr2 = liss*lcath = k[H+ ]rxeXD{FE/ZRT}
dloglcorr/de = _(Y_X)/Z ——————————————————————— (23)

olgA AL (22), 232 FAHAE HYstH

(x+y)*40 mV = 30 mV

(y-x)/2=~ 10

o] 215 & x=0.375y = 0.375°]| t}.

oA7]e 8] x&= AFSAIGel el He09 F2F E&olH yu A olA 9

HPO/# 7} 5 A#9 o] X199 B, ~ 60 mVelH B. IA ~ 60 mV
%}(% 77%-%]:]' sl o}']/]‘j/}’ Flg 7, 801]/\‘1 dEcorr/de = -30 mV, dloglcorr/de =

-0.5%1 Ze®m Hol Co A9 H24 wWAYF] pH 658 7[He= wHi
URees & 7 U Ba 7F ~ 60 mVSl Ao E Hol 4bsinkg2 3.3.29] 94}
e Aor Aztdy. adEw

Co+ HeO < Co(OH)as + H" + ¢ ——m—————————————— (8)

Co(OH)aas — Co" + OH™  —==—===———————~ (rds)----(9)

kol A mpel ol whg (9)o] g FAHAF Luss & 24 (10)0] At

Laiss = FkK(l/[H+ ]) GXD{ ((18a + aSL)FE/RT}
= FKkK(1/[H" Dexp{FE/RT} (ag. =agc= 1/2)-—————————- (10)
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H:0 + e — OH™ + Hygg ——=======---—= (rds)————-—- (30)

Has+ €+ H - Hy ——————————- (fas)----—-- (31
olg]gt whgol e leami= Fkaoexp{-azo.FE/RT}O.Z Fojxw = A
cathodic Tafel slope< 120 mV7} € AHolt}. o]= A& A ~ 60 mVe Aol&

Holar oy Au4 Hud Farh dAss B kgl thE Tafel
slopes& ¢HE89 £ o] 714 o|25¢] AAA FANEEo® <l 60 ~
120 mVZ H3ud d}H[18,19] Ao o] H$9% phosphate iong2l 7dA% <l
k8-S o] Tafel slopesdl 9&FS vHE oz HAY lan = lans
ato] gk §-A71%e pH oF% dEcon/dpHE -40 mVoR FAXA -30

=
e elgmom 38 ¥AARe pH JEE

(

o

obo_l

°l
mVsh wiwd @ gk R of

dlogleor/dpH = -0.52.2 o]= SH4%] -0.59 & dA|star g
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