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Abstrac:: The adsorption kinetic study of ruthenium complex, N3, onto nanoporous titanium dioxide
(TiO2) photoanodes has been carried out by measuring dye uptake in-situ. Three simplified kinetic models

including a pseudo first-order equation, pseudo second-order equation and intraparticle diffusion equation
were chosen to follow the adsorption process. Kinetic parameters, rate constant, equilibrium adsorption
capacities and related coefficient coefficients for each kinetic model were calculated and discussed. It was

shown that the adsorption kinetics of N3 dye molecules onto porous TiO: obeys pseudo second-order

kinetics with chemisorption being the rate determining step. Additionally the heterogeneous surface and

the pore size distribution of porous TiO:; adsorbents were also discussed.
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o] ¥k=A] Fgdict 53] ol F FFHEL (light
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ol AAA HW, oJitsteletE EWd FRHE 4
829 ¥E7 YolAA Hol 238 AFH FESF
Ego] ZAdHT, o2 A 2R A HWEE
go] AFfH o Fol=x AFS Yehldt [66).
ol Azte] AAAHQ FFFEE FTUE FA
d8 EAY EL EFFAFET ollzy, 9=
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l &7 nsof o AW FF vA 7|

ZE 7HA £ olAtgtEElE Y YA E'-fwéﬂr

~*-’- o] L BEFFAF vs) FAHo
Al ?1’4-‘213_ A FFF9 FoA dFd, o1
7tA) olatstelelE AT diFd 98 ¥z AAAH
9 F3 dFE AxIA AYgH 3 A &

g8 a7 34 olitstEEE Yiedate] &
e 34 FF 2o 434 FFAAA FHHe
&3 22 A @4 #HHFoz YoM o

19, o]:l rm r-{m rir

gtk (2¢g 1), () EA o|%F (mass transfer
(external diffusion)) (i) 7]& W4 24t (internal
diffusion (pore diffusion)) (ii) 3tst w8 A

(chemical reaction (chemisorption)) [71.

olg|g GAH FXAAAL Y57 AME A
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Fig. 1. Conceptual step for the adsorption process of dye
molecules onto nangporous TiO: particles.
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Alg® A8 o]it3tElElE A= (Dyesol Pty. Ltd.)
& <20 nm¢} 250-400 nme] M2 o4& Y= YA A2
712 olFoly glow =X o|isEHENE T F
7l 13 mmeolx, Ao AHEE o|AStEEE Ui
A A2 (porosity)2 50-60%°]™, & EHAH &
70-80 m*/gelth. ©lAtstEEly AFE FH FF 4
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T2 udE ¥ N3 €9 (t-butanolacetonitrile (1:1))
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N3 989 &4 ~#HEey WH3lg 55 8 F24 o
TE 459 A 77 54 2dE ARG [8-10]
o] w52 HEF 2EE At Fag &% Az
2 98 Ay BobdlM dE ERHE “J%‘Péolﬂr.

E3 £ dFdA AL T4 FF RdEL g8
*-XP} o|AtslElelE ohF EHol FaEHE AR
ARE AFsE Ext °]"—]?«} o' F& #HAo] W
€9 AA £x8 AAse GAAA diF FEE
A AHE F Q= OHW 7}A T},

7}. & 1A (pseudo-1st-order) &9

ky
logqc = mt (2)

loglg, — ;)=

714, ¢ o 27 B G A7 tol A9
F3 549 ¥& ez, ke F 13 3 249
HFEukg ol

. & 23 (pseudo-2nd-order) & &
t_ 12+Lt 3)
gt kzqﬁ Qf‘.

4714, .o g A7 FIAUS A ol A
F3 249 ¥ YEL, bt T 284 §% 299
B Aot

t}. 942} Wl 4 (intraparticle diffusion) 2@
g = kpt”?' (4)
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AJQE N3 &4 Ao @& AA-7HAFH F
F 29y W3E uetdo Alze] Addl w2t N3
7 2¥EYo] 2% 4= flo] F3% ¥ (absorbance)
vt ARHez Zadhe g & 7 ddk ol 8459
N3 d& 247t 9& 383 3 8ol 939 o4t
steleby A5 Edol FAsHo §9949 N3 9=
£ =7t F4E7] gEoIth
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Fig. 2. Absorption spectra changes of N3 in the
acetonitrile: tert-butyl alcohol (1:1) (1x10* mol/L) as a
function of TiO: substrate (0.88 cm’) immersion time.
Inset shows the absorption changes at 540 nm.
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Fig. 3. Dye uptake amount for N3 onto TiO: films
measured over a period of 24 hours. Experimental data
are plotted as points and a pseudo-1st, pseudo-2nd order,
and intraparticle diffusion model by curves.
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Fig. 4. Infrared fingerprint region of N3 and N3/TiO.
substrate.

% gl olee F2 A¥e #7) 2o 034
g4 gEdM §39 9 gugez vdenje
34 &2 443 W FAse A¢ ¢ F
o} [12,13].
E£3 2¢ 3dE delM 248 A 7HA 8 FF
BdE o]&3ld o|&FH oz AN FF FHAL A
A A7 WE N3 98 A9 F&3% HeHA)H
vl dte] &7 vellidch N3 98 B9 AdA F
2 AL Hug A 7R 2d F F 23 292 9
235 F3 ZH3 PR FAEIGE 2SS 4+ A3,
AA N3 98 Bae &% ZMe & 23 2d (-
09943)0ll A4 713 & A@A#A FL  (correlation
coefficient, ') 7}X& AL #2A3T} o= N3 9
g BA7t olitslEelE EHe £24F o, ¥ 394
9] vpx9} ©AQl FRiFe] 35 yhgo] dojuy= @
A7l &2 vrE £58 AA s 2A (rate-determining
stage)Yg& TEFET [14,15]. =, §959 N3 g=2Ex
7} o|2talElEtE WO Z o]% (mass transfer)dtod
g3 223U F3L g e A FHE
o] M2 AxE Fuw: 3}¥F AFPd 93 FF
Bk (chemisorption)e] &3 #A9 7} Fao3 @
AdL & F A:, o] FAo] #AA FF AL
Aujstz &8 THE
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Fig. 5. Int-aparticle diffusion kinetics of N3 onto TiO: .

substrates.

Zslo] gli= o|AtslEElES HqM #F AHEHS
A =k Bl N3 g8 £4¢ 1,700
cm' $29 C=0 2E#F var o|itste eyl
F3EA 5d 243 ZardAgE 2L & F g
[16]. o]&= N3 ##¢ 71254 (-COOH) ©$i7F ©}
Arztelely EHo 3oz FaEH g9 C=0
2EHA 5129 ZE7 FaH7] WEolth £F, 3}
8t4 FFe 2 A% 1400 cm’ H29¢ HHA 0-C=0
2EH A vlax 383 FF o5 B @2 oy
A 94925 AL AL ¢ F o [16].

A W i mdE oj4% FF v W3 FA
< AA N3 g8 229 AAAD FF FHAE 2
& AFHAHNE 7R E Aoz JERgA T (2¥ 3),
Z7] 5A1ZF ollig EFF FAAQdA = dA FF FA
3 oS fAlstm, WS 2o AAA F (P=0.9986)
S e AE 808 F Ao ol 7] dA9
N3 948 %A F3 HAo| o]itstelebEol &3t
E TR 7T 9 9% 21 dde A 9
vgd, &, 48 X7 olitstElEESY UF So=w
A}A 1 o 2AHE FAF AFY (boundary
layer resistance)dl <& & &7t TS ¢ H
7] ot} [10]. o] SANME F8 £x9 A7)
g Bust & 4L uAA €4 [6]

H FuEE AL, AR W i RdS ol &% FF
W3l FHE Al mE M2 & 3714 F4A 7]1E
7|12 o]FolA e A& AT F d&d (2™
5), ol AL A& HZ o|istEEFE 7| Fo 2L
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Fig. 6. Pesudo-second order adsorption kinetics of N3
onto Ti0: film.

3712 o|FolA Zo| olye}, v A (micro-), Ft
(meso-), A 7|& (macropore)s< T%4g =272
ojFolA e AL AL AT 279 F4F
A WA AN 71L7) (ky= 4266x10%/cm’/hour”?)E
N3 £x}7} ojatslelelge] ®HoL & 7|8 (macropores)
£o 2 A&EEHA olFdd vf$ wWEA FEAEHE= F
Aol olg AYES & F A agla F AR € F
A% JA 7187 (k= 1052x10%/em/hour’»E A& ¢
Ago]| F7+ 3719 71 (mesopores) 22 Fitslo] F3t
i HAe ofdt oo, vix|gte] vt M 7]g7]
(= 256x10%cmihour®e ofF e A7) 713
(micropores)& 22 JAFEo| ¢ g A FilE
F3AHE AL v Fa o [17].

Az W &4t mdg o] &3 FF WE JHo| F
A 71¥AHe BXd Oz HARE LHFE AHY 2
of, & 2x & R4k &M A B3 AL F
A diF ARE AFHFE Aoz g4 U
(18] ¥ AFME N3 g8 A9 & 23 §F =
dg AdvBo2N ALSH ojitslElElE BRe #3F
Ao dFHE AHE F AN 217 60l EAE A
Y, & 22 2 2dE o] 83 3AM (regression
curve)E AA FF AF (HLW)H} & dBHAE
7bZch Sol3k AL, o IHFAXMel Al 0¥ o F
2 5571 02 e AYA ¥ 4 ¢ 5 A=,
ol o]At3lEIEHES] EWol e ubSAE HA
e G ER o|FAA] GUAY Er FWd 4
A (defect)e] EA3ta Uote RE ofn| ¢ [18].
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AA o]At3tE|E}ES EWHOl+ -OH, -OHy, -O- &
o] tjokgh wkg Ale|EVE 9lu, YA A2 A4 (single
bridging vacancy), ©|xF 992 Z<4 (double bridging
vacancy), 2213 A Z4{ (lattice vacancy)E% &
7 &A@ Aol LAHA U [19]. AW o
o|AstE|EHE o] FAA Y ois] HAEA WwHeR ¥of
e AL 44 gt ol WA oj¢ e & 2%
F3 pdQ o3 54 FF A+ AHEH o4t
Hely EHe 4 FdAHE Yotded o f&
A ALE" & AL, o] T3 98 BA9 34 F
52 ZdAE £ JE 47 & =88 £ 7 Ao

e F 23 53 F3 ¥4 4 Q) 2
g 69 F 22 T3 FF Y= 7]&7]E o] &3W
N3 ga7} o|AseetEd F24E & de o4l
HAY FF 55 3+ F Utk A" N3 9859
Ad EFF % (qo ¥E AddAe FF wx)=
@9 |3 2 107.9x10° (fem?)7} s AL F03)
At ol £ AFoA N3 g8 BR7 24439 &
4 #4e 53 ojAstEelE ETdd FFE 53§
£ (981£1.9x10%cm’)7t A} F3 7t FE9 %
91% AE7} Arpe AL Yepdd ol @ o]&3 3
g &3 ko O ARE A2 95 EFY F
Aty FF AL dFded 582 £ T Ut

4.9 &

2 AdFoHe 987488 HIAAN AHEEHE o
A olagEletE AT oiF N3 95 w9 4
A 3 AL AA/7HA B FRAE T8 AH
4 o 7HA 4 FF RAES 4 AMES
o Aby 8ot

=4 F% 2dS #43% N3 98 #x9 §FF 4
ToME 3 vk x7)dE N3 g8 FA7 7%
oz ARIIUAM FAsE AAEF AFH Q4
713 WE FanAgoel REHon FF HAPd I
ol XAk AAe FF AL oldEEHE EW
384 uhg- st vhA e &3 gAY 2AEd
AL sk = 54 FF 2do gid 4
T ojatztEletEy 71T 27|19 G H} s R
o Aie] H FUA, 282 H3 FF b vx9
Hg s #q4 AT olgd T3 FF =2
do] ol3fo LS FF N2 AR FFHFE F
AN 7 =d HEld =72 o]4dE & Ao

rr X do

#Atel 2

2 d7E 0104% AEYdsta wuae A
oz o oA %
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