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Résumé

L’objet de cette ¢tude est de préparer un ensemble de composés organiques
trisodiques appelés 2-dithiole-3-thione substitués en position 4 et 5 par un
groupement aryl. Leurs dérives sont obtenus a partir des sels 1,2-dithiolilium

contenant 1I'ion iode (I) ou le sulfate méthyl (CHsSO:)
successivement (A), (B), (C), (1A), (1B), (2A), (2B), (1C).

Nous avons choisis différents milieux acides, pour 1’étude de 1’efficacité
inhibitive des composés sodiques et leurs dérivés contre la corrosion de 1’acier
au carbone X52. Les composes (A), (B), (C) ont été étudiés dans le milieu
(H2SO4 20% + éthanol 12%); tandis que 1’étude des composés (1A), (1B), (2A),
(2B), (1C) a eu lieu dans deux milieux H,SO4 20% et HCI 1M.

Vil

symbolisés



Pour mener a bien cette investigation, nous avons utilisé plusieurs méthodes
expérimentales, telles que la perte de poids excepté pour le composé (C), les
courbes de polarisation (méthode de Tafel) et la spectroscopie d’impédance
électrochimique. Pour apprécier le mécanisme d’adsorption et le comportement
des différents composes sur la surface métallique, nous avons calculé le
coefficient de corrélation R? en utilisant divers modéles d’isotherme
d’adsorption.

Les résultats obtenus par les trois méthodes, ont confirmé une efficacité
inhibitrice élevée en milieux acides. Elle dépasse 90% par perte de poids ; elle
est de I’ordre de 96% avec les courbes de polarisation et de 98% par SIE.

Afin de connaitre I’influence de la température sur 1’efficacité inhibitrice des
composés cités ci-dessus et sur la vitesse de corrosion dans les différents
environnements utilisés, nous avons retenu des valeurs comprises entre 20°C et
50°C. Pour cela, nous avons exploité les droites de Tafel et appliqué I’équation
d’Arrhénius pour le calcul des grandeurs thermodynamiques E, , AH® , AS®, .
Dans les deux premiers milieux, les valeurs obtenues ne montrent pas une
évolution progressive mais globale. Tandis que, dans le troisieme milieu,
I’efficacité inhibitrice a atteint 99%. D’ailleurs, nous enregistrons a travers les
valeurs des grandeurs AGags, AHags , ASags , €t Kags UNe croissance dans la force
d’adsorption.

L’ajout de KI a 5mg.L! de chaque sel, a confirmé I’influence de I’ion I" sur
I’efficacité inhibitrice en milieu H;SO4 20%. Le pourcentage d’inhibition est
passé de ( 30% - 81% ) pour le compose sel a 93% en présence de KI.

Les observations au microscope optique Zeiss de la surface métallique du
subjectile avant et apres le test et le calcul des orbitales energétiques ELUMO et
EHOMO pour les différents composés par la méthode(QSAR) corroborent le
résultat obtenu.

Mots clés: milieux acides, acier au carbone, efficacité inhibitrice,
dithiolethione, modilisation moléculaires

Abstract

The present work aims to prepare a group of organic compounds called three-sulfur 1,2
dithiole-3-thio substituted in position 4 and 5 by an aryl group. Their derivatives are obtained
from 1,2- dithiolilium salts containing the iodine ion (I) or the methyl sulfate
(CH,SQO; ) symbolized successively (A), (B), (C), (1A), (1B), (2A), (2B), (1C).

Different acid media have been chosen to study the inhibitive efficiency of these sulfur
compounds and their derivatives on the corrosion of a carbone X52 steel. The compounds
(A), (B), (C) have been studied in the medium (H2SO04 20% + ethanol 12% ); whereas, the
compounds (1A), (1B), (2A), (2B), (1C) have been studied in two media H.SO4 20% and
HCI 1M.

For a better investigation, various experimental methods have been used, such as the weight
loss method except for the compound (C), polarization curves (Tafel method) and the

VIl



electrochemical impedance spectroscopy. To understand the adsorption mechanism and the
behavior of the different compounds on the metallic surface, the correlation coefficient R? has
been calculated using different isothermal adsorption models.

The results obtained from the three methods have confirmed the high inhibitive efficiency in
acid media. The latter exceeds 90% in weight loss, about 96% with polarization curves and
98% with EIS method.

In order to study the influence of the temperature on the inhibitive efficiency of the above
mentioned compounds and on the corrosion speed in the different used environments,
temperatures ranging from 20 °C and 50 °C have been used. For this purpose, Tafel curves

have been exploited and Arrhenius equation has been applied to compute the thermodynamic
quantities Ea,AHO, ASQ . In the two first media, the obtained values do not show a
progressive evolution. On the other hand, in the third medium, the inhibitive efficiency
reached 99%. Furthermore, there is an increase in the adsorption force, which was observed
from the values of the quantities AG,,, ,AH ., AS,,, and K, .

The addition of Kl to 5 mgL™ of each salt, has ascertained the effect of the 1~ ion on the
inhibitive efficiency in H2SO4 20% medium. The inhibition percentage varied from 30% to
81% for the salt compound at 90% in the presence of KI.

A Zeiss optical microscope has been used to observe the metallic surface before and after
each test. The computation of the energetic orbitals ELUMO and EHOMO for the different
compounds using the molecular modeling method (QSAR) corroborated the obtained results.

ads ! ads ! ads

Key words:
Acidic media, inhibitive efficiency, steel carbon, molecular modeling, dithiolthione.
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1 4L
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35.154 33.322 0.989 20
50.894  15013.727 0.959 25
237.695 0.394 37.720 57.307 0.827 30
46.645 1099.862 0.972 40
47.395 821.064 0.982 50
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31.223 5.352 0.863 25
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/l /l -95 .1 89 .8 2 .7408 -449 4 "2"aa L)
0.8868 88.68 -68 .7 56 .1 0.3103 -435 .8 2 .972
0.9172 91.72 -61 .7 52 .3 0.2269 -443 4 4 .458
0.9506 95.06 -41 5 44 1 0.1353 -451 .2 5.944
0.9603 96.03 -37 .3 35.6 0.1089 -452 .3 7.4300
/l /l -54.3 53.0 2.5971 -449.1 "2"aa L)
0.5375 53.75 -63.0 54.6 1.2012 -474.1 2.972
0.6815 68.15 -50.6 49.9 0.8359 -479.6 4 458
0.7567  75.67 -74.1 79.9 0.6470 -476.6 5.944
0.7897 78.97 -101.2 75.3 0.5438 -472.0 7.4300
/l /l -57 .6 58 .7 2.7772 -429 .6 "2"aa L)
0.7703 77 .03 -62 .3 59.0 0.6379 -432 .9 2 .972
0.8399 83.99 -105.7 119 .1 0 .4445 -452 .8 4 458
0.9285 92 .85 -37 .1 37 .8 0.1985 -445 0 5.944
0.9156 91 .56 -50.0 53.3 0.2343 -448 .7 7.4300
/l /l -88 .9 87 4 5.1000 -419 .3 "2"aa L)
0.7070 70.70 -45 9 49 .8 1.4945 -375 .1 2.972
0.8225 82.25 -42 .9 38.9 0.9053 -458 .3 4 458
0.8823 88.23 -65 .3 66 .8 0.6002 -462 .1 5.944
0.7781 77 .81 -74 9 65 .5 1.1318 -460 .0 7.4300
/l /l - 70.7 72.8 6.4242 -415.1 "2"aa L)
0.4980 49.80 -29.4 30.2 3.2247 -456.2 2 .972
0.6191 61.91 -27.8 30.1 2.4469 -468.1 4 458
0.6205 62.05 -39.8 46.9 2.4377 -462.0 5.944

0.6622  66.22 -64.4 62.6 2.1702 -460.5 7 .4300
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R bc ba icor Ecorrvs 5
(%) (mVdec?) (mVdec?) (mA.Cm) (Sn::\I/E) (105 M)
Il I -95.1 89.8 2.7408 -449.4 "2Maa i)
0.7615 76.15 -63.6 59.2 0.6536 -436.2 2.842
0.8691 86.91 -65.1 72.3 0.3588 -441.0 4.263
0.9517 95.17 -76.3 75.0 0.1325 -420.3 5.684
0.9335 93.35 -71.3 67.4 0.1822 -435.1 7.104
Il Il -54.3 53.0 2.5971 -449.1 "2 aalid)
0.7058  70.58 -48.7 50.0 0.7640 -461.6 2.842
0.8615 86.15 -46.9 43.0 0.3598 -464.0 4.263
0.9141 9141 -11.6 12.8 0.2232 -469.8 5.684
0.9364 93.64 -56.0 51.8 0.1652 -456.4 7.104
]
/l I -57.6 58.7 2.7772 -429.6 "2 "Ll
0.4435 44.35 -59.5 49.0 1.5456 -440.2 2.842
0.6984 69.84 -66.4 70.7 0.8375 -444.1 4.263
0.9331 9331 -54.4 57.8 0.1858 -434.5 5.684
0.9607  96.07 -27.2 295 0.1091 -430. 2 7.104
e
I I -88.9 87.4 5.1000 -419.3 "2Maa L)
0.5180 51.80 -54.8 55.7 2.4584 -453.0 2.842
0.5847  58.47 -61.1 59.1 2.1183 -434.9 4.263
0.8187 81.87 -71.8 85.3 0.9248 -433.1 5.684
0.8765  87.65 -69.5 74.9 0.6301 -434.1 7.104
]
Il I -70.7 72.8 6.4242 -415.1 2Ll
0.1077  10.77 -55.4 60.5 5.7322 -451.1 2.842
0.2709 27.09 -43.5 45.8 4.6838 -456.1 4.263
0.7697  76.97 -60.2 61.1 1.4797 -455.6 5.684
0.5571 55.71 -35.5 37.1 2.8450 -456.2 7.104
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0 R bc ba Icor Ecorrvs SCE bflal) 5u8 4 T°C
(%) (mVdec?) (mVdec?) (mA.Cm”) (mV) (105 M)
I Il -95.1 89.8 2.7408 -449.4 ML)
0.8857 88.57 -70.4 53.5 0.3134 -435.4 2.853
0. 8959 89.59 -57.7 59.6 0.2852 -439.9 4.280 20
0.9580 95.80 -25.9 24.8 0.1151 -444.3 5.706
0.9720 97.20 -21.6 21.9 0.0767 - 449.7 7.133
I
I I -54.3 53.0 2.5971 -449.1 "MLl
0. 9090 90,90 -53.7 50.1 0.2363 -465.5 2,853
0.8450 84.50 -95.6 79.7 0.4026 -464.6 4,280 25
0.9264 92.64 -61.1 48.8 0.1912 -463.8 5,706
0.9204 92.04 -91.4 83.0 0.2068 -472.8 7,133
I
I I -57.6 58.7 2.7772 - 4296 ML)
0.6260 62.60 -82.9 65.3 1.0388 -448.8 2.853
0.8228 82.28 -79.1 69.8 0.4921 -446.2 4.280 30
0.8925 89.25 -40.5 38.8 0.2985 -448.0 5.706
0.9098 90.98 -39.2 375 0.2504 -456.6 7.133
] |
I I -88,9 87,4 5,1000 -419,3 "M aaLil)
0, 4848 48,48 -85,1 101,0 2,6275 -430,1 2,853
0, 6065 60,65 87,4 79,4 2,0067 -446,8 4,280 40
0, 7327 73,27 -66,2 67,3 1,3632 - 480,2 5,706
0, 9568 95,68 -14.7 16,3 0,2205 -451,5 7,133
] ]
I I -70.7 72.8 6.4242 -415.1 "M aaLil)
0. 2579 25.79 -49.9 53.5 4.7675 -447.7 2.853
0. 3298 32.98 -69.2 74.5 4.3054 -442.0 4.280 50
0.7423 74.23 -38.9 38.9 1.6555 -447.3 5.706
0. 7676 76.76 -32.9 34.7 1.4930 -455.3 7.133
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2" LA edaalal) gl B (2B) adial) o gl dae il 9. el

bc ba . ce =
oo VO Vel T S oty T
Il I -95.1 89.8 2.7408 -449.4 "MLl
0.7940  79.40 -88.4 66.2 0.5646 -437.8 2.730
0.8466  84.66 -89.3 85.0 0.4204 -441.3 4.095
0.8909  89.09 -41.6 42.8 0.2989 -434.3 5460 20
0.9129  91.29 -54.8 46.6 0.2388 -447.7 6.825
I A
Il I -54.3 53.0 2.5971 -449.1 "MLl
0.7459  74.59 -59.2 58.8 0.6600 -465.2 2.730
0.8226  82.26 -49.2 46.7 0.4607 -467.1 4.095
0.8348  83.48 -83.2 72.8 0.4290 -472.6 5460 25
0.8930  89.30 -45.0 44.4 0.2780 -462.8 6.825
| |
I I -57.6 58.7 2.7772 -429.6 nm Ll
0.4285  42.85 -87.8 72.5 1.5873 -443.4 2.730
0.7815  78.15 -74.9 63.4 0.6068 -438.4 4.095
0.9675  96.75 -20.5 22.4 0.0903 -457.7 5460 30
0.0008  90.08 -38.5 40.9 0.2755 -445.8 6.825
Il I -88.9 87.4 5.1000 -419,.3 "Ll
0.3747  37.47 -58.9 58.6 3,1891 -451.2 2.730
0.4407  44.07 -98.7 89.9 2,8525 -443.4 4.095
0.6243  62.43 -85.6 76.3 1,9161 -443.1 5,460 40
0.6677  66.77 -76.8 66.1 1,6949 -445.9 6.825
| |
Il I -70.7 72.8 6.4242 -415.1 mm Ll
0.2582  25.82 -50.3 53.0 4.7653 -448.4 2.730
0.3538  35.38 -58.2 62.4 4.1515 -437.8 4.095
0.6834  68.34 -44.1 39.6 2.0339 -448.9 5460 20
0.8646  86.46 -12.9 14.3 0.8700 -448.8 6.825
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-3.5 1
40
-4.5—-
-5.0—-
-5.5—-
-6.0—-
-6.5—-

-7.04

cor

-7.5

In(i_/T)/10" mAcm*°K™*

-8.0 4

-8.5 4

10°T(°k™)
2" LA :(2) ¢ 2"l 1 (1) 5 Jal ¢ B hadl quglia AV IN(icor/ T) S Aada .6.
¢ 4.280 X105 M + "2'alid : (3) « 2.853X 10° M+
7.133X10° M+72"alall : (5) ¢ 5.706X 10° M +2'alall : (4)
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¥
305 310 315 320 325 330 335 340 345 350

10°TH(°K ™)
1(2) « "2Mald s (1) : 8 ST L ABUS e Bl cigwaal) Arrhenius dada 7.
+"2"aalddl : (4) « 4.095 X 10° M +"2"aalddl ; (3) « 2.730X 10° M + "2"aldd
6.825X10° M +"2" i) : (5) « 5.460X 10° M

cor

In(i_ /T)/10 mAcm K™

' 1 1 1T ' 1 1 1 T ' T °
305 310 315 320 325 330 335 340 345 350

10T (°k™)
"2l 1 (2) 2"l s (1) 1 Jal o Bhad) ustia AN IN(icor/ T) s Hada 8.
460X 10° +72'wlill: (4) « 4.095 X 10° M +2'aalad : (3) < 2.730X 10°M +
6.825X10° M +'2'alil : (5) < 5.M
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-2.0

-2.5

-3.0

305 310 315 320 325 330 335 340 345 350
10°T(°K™)
Dot JSU L ABUS (e Bl ugeaall Arrhenius Aada 9.
(4) < 3.924 X 10° M +2'aladl : (3) « 2.616X 10° M + 2"l :(2) «2'alad : (1)
6.539x10° M +2'alall : (5) ¢ 5.231x 10° M + "2'salad :

(1C)

cor

In(i_ /T)/10 " mAcm*°K*

3.05 3.10 3.15 3.20 3.25 3.30 3.35 3.40 3.45 3.50
10°T(°k™)
"2Maaldl ;(2) ¢ M2l (1) sdal o sjhaldl cglia Ay IN(icor/T) S Aada .10.
231X + "2"aldll: (4) ¢ 3.924 X 10° M +"2"alddl: (3) ¢ 2.616X 10° M +
6.539X10° M +'"2"aldl : (5) < 5.10° M
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ASa“
(J.molt)

37.332

112.412
108.338
140.764
170.281

136.108
181.921
155.315
188.988

210.357
188.656
185.496
138.104

144.090
168.784
142.843
90.378

79.10
176.10
85.72
76.56

AHa*
(J.mol?)

-23.421

-48.839
-48.515
-59.440
-68.303

-54.933
-70.116
-64.512
-74.913

-78.846
-72.560
-73.392
-60.138

-57.469
-65.967
-59.773
-44.000

-34.95
-70.99
-45.33
-42.86

(1A)

(2A)

(1B)

(2B)

(1C)

Ea
(J.mol?)

25.982

51.400
51.076
61.992
70.864

57.494
72.668
67.064
77.474

81.407
75.121
75.953
62.699

60.022
68.528
62.333
46.561

54.70
73.55
47.89
45.42

hdial) 3855
(105 M)

"2"&\.&3\

2.972
4.458
5.944
7.430

2,842
4,263
5,648
7,104

2.853
4.280
5.706
7.133

2.730
4.095
5.460
6.825

2.616
3.924
5.231
6.539
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gl 3 X52 gl Nsill Je¥) atigh) giledl (R?) BLod) el ad .12.Jg2ad)
cillafiall S5 Cilida g 5l cilays cilida LB 2" LAY aalal)

e 7 agad
HEIQ;)Q;?;S El-Alwado | Freundlish = Frumkin Temkin Langmuir (T°C)  hdad
R2
0.668 0.706 0.956 0.749 0.949 0.997 20
0.958 0.989 0.959 0.928 0.975 0.991 25
0.794 0.863 0.913 0.689 0.908 0.993 30
0.107 0.289 0.360 0.327 0.340 0.953 40 (1A)
0.788 0.889 0.871 0.265 0.883 0.986 50
0.753 0.,842 0.893 0.800 0.893 0.990 20
0.962 0.990 0.919 0.995 0.935 0.992 25
0.289 0.,967 0.915 0.948 0.966 0.383 30
0.540 0.904 0.926 0.933 0.913 0.784 40 (2A)
0.926 0.750 0.859 0.973 0.710 0.632 50
0.833 0.866 0.879 0.833 0.878 0.997 20
0.073 0.133 0.099 0.329 0.103 0.989 25
0.927 0.989 0.917 0.995 0.937 0.977 30
0.295 0.781 0.968 0.861 0.921 0.716 40 (1B)
0.716 0.870 0.892 0.974 0.859 0.360 50
0.988 0.991 0.995 0.534 0.996 0.996 20
0.891 0.926 0.951 0.113 0.950 0.996 25
0.003 0.727 0.834 0.835 0.847 0.256 30
0.526 0.932 0.943 0.792 0.929 0.753 40 (2B)
0.764 0.910 0.954 0.974 0.916 0. 654 50
0.981 0.983 0.999 0.747 0.998 1 20
0.929 0.945 0.916 0.624 0.920 0.999 25
0.901 0.916 0.947 0.831 0.946 0.999 30
0.775 0.809 0.807 0.752 0.807 0.997 40 (1C)
0.302 0.754 0.693 0.933 0.714 0.719 50

'd‘
~
({o)



[ At i st St T ot il =

= : SR Sap
e — = —~———— —

t JUS culs (1C) ¢ (2B) « (1B) « (2A) « (1A) <ilbaiall el dagla —
. Langmuir z3sei Gas 5 gl (1C) ((1A)
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0.86 -f

0.84
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2" 2" LA alal) b gl (A X52 (gl N8 Temkin 31 5e¥) alis5.30. Sl

0.924 104
0.90 4 094
0.88 4 0.8+
20C°
0.86 4 °
074 30C
0.84 ®
064
0.82
054
0.804
044
078 T T T T T T T T T T
106 -10.4 102 -10.0 98 96 106 104 102 100 o8 06
InCinh Incmn
0.9 4
0.8 o
07
0.6 o soco
® 0.5 o
0.4
0.3
02 . . . .
-10.6 -10.4 10.2 -10.0 -9.8 -9.6
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0.70
0.65+
0.60 4
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® 0.50 4
0.45+
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' 2" LA paalal) gl & X52 AgalSl WS Langmuir i) aslig.31. Je&d
(1C) hadiall aalgis 3l cilayy cilise

Bladl cilays CAlidalii) axlig .9 .1V
ke Banys Adlide ) Sl 4 (1C) ¢ (2B) « (1B) ¢ (2A) ¢ (1A) S aliae Ly
Jabae 2y 5 (A Sads ¢« A Hads ¢ AGags) 4Sualingasill jualiall CGlual degita il
Culh A Caad 5 Y] plignY WDl sl Sl L] i @A) (RP) Ll
Juadll 3 lawa WS ASygs 5 AHads ¢ AGags af s aDA (e (63| (Kags ) Sl

bl Jaaall b gt culSs L gl
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g-lg-ylﬁ\ 3\{93-“ ASads 5 AHads ¢«  AGads le%uteéyﬂ\ 28l 5 Kads ?5& 13.J 52
((1B) « (2A) ¢ (1A) cladall 3805 dga99 Gbé 3 2wl e lal) Jaugl 3 X52

(1C) < (2B)
ASads AHads -AGads Kads*103 R2 ToC
J/mol J/mol KJ/mol L/mol
(1A)
-38.700 142.857 0.997 20
-35.042 25.000 0.991 25
-39.122 100.000 0.993 30
100.289 01.854 -42.798 250.000 0.953 40
-39.843 50.000 0.986 50
(2A)
-34.366 24.114 0.800 20
-42.695 548.624 0.995 25
-41.622 269.728 0.948 30
254.689 46.478 -45.411 682.262 0.933 40
-44.501 283.274 0.973 50
(1B)
-39.520 200.000 0.997 20
-41.460 33.333 0.989 25
-37.376 50.000 0.977 30
-88.815 -0.668 -36.225 20.000 0.716 40
-46.010 496.912 0.974 50
(2B)
-15.125 0.0089 0.996 20
-15.879 0,010 0.950 25
-28.668 1.576 0.847 30
336.837 92.623 -11.406 0.0014 0.929 40
-32.303 3.0168 0.916 50
(10)
-43.441 1000.000 1 20
-40.194 200.000 0.999 25
-41.431 250.000 0.999 30
-121.957 -68.378 -42.798 250.000 0.997 40
-38.754 33.333 0.719 50
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(1C) ¢ (2B) « (1B) ¢ (2A) ¢ (1A) wlhidl) 5 Ak Jelal O e Ju AGLse Al
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 [18] ¢ [17] phandl e ams dida S

(1C) « (1A) cilhiall (-46.010 « -34.366 ) KI/Mol (yn ypmne AGugg ded -
Sl ) I Ja diphay ed) mhaa e Wil S5 Ll (2A) ¢ (1B)
15 (-11.406 « -32.303)KJI/MOl (4 8)semne il (2B) Ladiall Wi, [14] < [17] « [18]

[21] ¢ [20]  Slpd el Gagas Je Jy

il e cul€ (2A) ¢ (2B) ¢ (1A) wlaiall (AH 445) = 0 -

phall Gale el Jelss Je Ju . 92.623 J/mol 5 46.478 J/mol « 01.854 J/mol
oladiall Al o1 L [36] ¢ [85] dsmear aushy gadl oy SlhaS Sl ge gl
Jel@ e Vo ol sl Jde - 68 . 378 J/mol « -2.668 J/mol La 5 (1C) «(1B)
[25] ¢ [37] dabadl 5 lash) 5 sl S1aY) g sl aal e miliaphall S50 il

254.689 ¢ 100.289 J/mol & (2B) ¢ (2A) ¢ (1A) clbidl (AS,45) = 0 -
&) daai mhadl e ddads Clsiae dga oo Aail L il e 336.837 J/mol  J/mol
JSE dag cpdiall cpladial Al . [38] Jslaall el cliia 2l 5 [35] el

. [25] < [39] Jsladl) i 5agasal) Lafial)l ciligia o apaal) ae dine Jio Ciltin

14.0

] . . |
- /
] | /
13.0 4 /

12.5
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1~ r - 1 1 T * 1 r T T T 7
305 310 315 320 325 330 335 340 345 350
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Gl Gny .+ dpadall Bl 8 als gabeall o o eSSl climglledl o Cape
il e iy gamall mhan e Bl Gliagllell gl gl o6 . [44-40] sl
il e 385 JBU KI dala) Wiy DA ge Wla 13d 17> Br™ >ClI7
b SUIS il clSs LS yall o3 agi Ale i o agl) al B0 sae A el Ayl

Kl uSs Lil1.10 .1V

2"l aslall Ll & WVl A glSl 5 Al Qe cliaie aeay 314840 -
25 °C s dayn xie 0.09 /1 N 0.01g /1 e i A K Syall 3805 ol s agag b
¢ (Das be) a1y gl Tafel wdlales ¢ Ecorr) JSEI 05 ¢ (icor) JSEI i 3ad o
Ll 25356

o 513 dsanll DA e a2l sl Ll 4 K 35 GalisldR (%) -
p i) Wiy 4Dl

gla¥) deliny djlie 3ausY) Jelon o il JSI lo 466K sad (e gain K] ddll
Al Qladin¥) aliaie g)lg P e Ladl Al Gaag el

- daul g 5eS0 Aally $0 ) gl b OST 5eS Ll

Ol e AN cangal olaV) 8 K 385 8al3 05Kl ~ L3 5 Ll Z8BS 50l Gl
[44,4] 255N mlaw e I 5]

aalall gl B s\l Medl) JST dandil) Adlad 5 Aliasy i<y palial) (14, Jgand)
25°C e QUaiiad) ciliisia (e dadiia K uS)0 calida + 2" L&)

0 R bc ba Ecorrvs icor K1 S i)
(%) (mVdec?!) (mVdec?!) SCE(mMV) (mA/Cm?) (g/L)
I I -54.3 53.0 -449.1 2.5971 0.00
0. 1764 17.64 -40.7 39.7 -451.2 2.1394 L 0.01
0.2255 22.55 -43.6 40.0 -449.9 2.0118 0.03
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0.4230 | 42.30 -37.6 37.6 -437.3 1.4987 .l | 0.05
0.5685  56.85 -28.8 29.1 -438.2 1.1210 2 Ly 007
0. 8857 67.97 17.7 20.0 442 8 0.8318 A 0.09

1: 0.01g/l KI +J_ilea"2
13 2: 0.03g/l KI+"J 2

3 0.05g/1 K+ " 102

4: 0.07g/l KI+ " 1J ilea"2

0 1o 5: 0.09g/1 KI+ " J_iea"2
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5y gl g el gt st sl T gl o ST T Al Al = Ll
e e e e

a1 38l ddlal g 16371 mA/em? oS K e 4 (1A) Lad OB s -
. 0.2183 mA/cm? g Ji ) Lailis
0.7340 mA/cm? _a (1A) Lial 5 KI 3805 Calide dgay & lill e ol -

Al Al ) K 3815 calite agag b osaSll 231 -

0 R bc ba Ecor icor KIS h:‘:"“"“ S A Ladall
(%) | (mVdec?!) (mVdec?!) (mv) @ (mAlcm?) (/1) (105 M) ’
aalall gl
Il Il -53.0 54.3 4491 | 25971 0.00 0.00 "
2" L)
0.3696  36.96 -38.0 36.3 4852  1.6371 0.00 Byl
0.7174 71.74 73.4 70.4 4741 0.7340 0.01
0.8139  81.39 -37.9 36.7 470.7 = 0.4835 0.03 :
g.a.aald\ (1A)
0.8281 82.81 -16.3 18.2 4752 0.4464 0.05 > L
" UJA &
0.9067 = 90.67 -16.0 16.5 473.9  0.2424 0.07
0.9160 = 91.60 -12.0 13.9 -475.3  0.2183 0.09 1.486 +

gJleSS\ N dl) dﬂﬂ( lA) bdal) Syl i) Adled g dilanS g ASIY) palaal) (15 . Jgasd)
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25°C sie qlhiiny) cilbiaie e dxiiieas KISl calida + 2" L&Y aalal) Jaagl)
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E 2:— 1.486*10°M(1A)+0.01g/I KI
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(1C) Badall 3l
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Ty sl cilidal agdinl) Adlad g AuilaasSg 5SIY) palial) 2. gand)

daitics HCI 1M uaalall Jauigll 8 X52 isulsl) Nsil) JST (1C. 2B. 1B. 2A.1A)

Y
(icor/iinh)

/1

2.7980
6.5437
7.2448
8.6191
4.7758

2.2949
4.2419
5.7489
7.6653
26.7924

2.5783
5.2398
6.2693
8.2080
11.1372

2.7268
6.4399
10.7372
11.6632
22.4505

2.8994
5.0850
13.8536
16.4161
21.9305

R
(%)

11

64.23
84.75
86.21
88.41
91.91

56.51
76.46
82.64
86.96
96.26

61.29
80.94
84.07
87.83
91.04

63.39
84.50
90.70
91.29
95.55

65. 51
80.33
92.78
93.90
95.44

bc

(mVdec?)

-84.5

-89.7
-65.6
-88.3
-85.7
-83.1

-90.8
-80.3
-93.4
-94.7
-65.3

-95.5
-88.1
-85.0
-80.6
-94.1

-91.6
-85.9
-58.3
-93.3
-60.6

-116.7

-127.5
-76.3
-78.1
-78.2

ba

63.9

75.7
535
89.9
79.8
85.7

71.5
81.8
90.2
76.9
75.6

69.8
73.8
81.8
54.1
74.6

87.8
68.4
59.1
60.2
61.2

85.6

(mVdec?)

107.4

76.6
86.4
83.2

L18gi

Icor

(mA/cm?)

0.568

0.203
0.0868
0.0784
0.0659
0.0460

0.2475
0.1339
0.0988
0.0741
0.0212

0.2203
0.1084
0.0906
0.0692
0.0510

0.2083
0.0882
0.0529
0.0487
0.0253

0.1959
0.1117
0.0410
0.0346
0.0259

Ecorr VSSCE

(mV)

-488.2

-491.9
-490.6
-495.9
-505.7
-508.8

-496.6
-505.3
-502.2
-505.7
-525.1

-492.9
-497.8
-505.1
-510.4
-515.0

-487.4
-501.8
-502.2
-500.9
-512.4

-502.2
-509.1
-511.8
-508.6
-495.2

IS A
(105 M)

0

1.486
2.972
4.458
5.944
7.4300

1.421
2.842

4.263
5.684
7.104

1.427
2.853
4.280
5.706
7.133

1.365
2.730
4.095
5.460
6.825

1.308
2.616
3.924
5.231
6.539

25°C aie latind) cliais o

Gldadial)

HCI 1M

(1A)

(2A)

(1B)

(2B)

(1C)
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301 Jlea oo osSiall AlaS pSl) U Jiady Allad (6<5 AikesSy ST Aailaal) bl
Sl ple & Al dual . Voltamaster 4 melin 355l Gswlall Sless Jusiadll PGZ
IS5 Janll 25 5SS Lelanias (X552 Jsn)lSI) 3sill) 1 0mM2 4l Aalise 13 Jlgdand s <
Chiai ey baaiee (585 Axileall Cluld . (ECS ) raye 25580 ) dally Lol 2 il g
A e 10MV 0)3 50y didas Gyuall daudl 308 Cus HCI IM by 8 (seil) (e el
100 KHz A1 20 mHz 23y oS Jaadly ¢ 4 )
lebalds 5 ¢ Aial) Jabal) Tl edsi oas lan Aubea Tl AlaSy 5 dasled) 44k
Aadall & AlpeSl Jyadl el 5 old JSB PIA e Sl G dolee £ 55 Adjray prand 4880
@ anas OSa ladll pda Fil L AikesS, Y Aibesll ailiaddl (pf 5 cAdeLadl)
bk Lo o (10- 6) e climidly Joaadl il e lely 5. 3.5l
dalie 33y 5 (1C.2B. 1B. 2A. 1A) wlhidl 4Ll Nyquits sie e -
Ao diuilae poal dimsall I ) ol ggaind Aais Aliapal) Jilsall Cilad
<[] [7] axall Jlas
diai o Agpaal & Jadll JEy) sal o) bles saaly il cilail 2 -
03] rad) mhan e Gals Ol sald) QUi dlage Lely o5 el
35 8L e Adeliad) ARl daw g il Uil aladl 8 syl ladll -
[9] «[8] «[1] chrine Sty mhadl e cilladiall Hf5ie¥ @lldy Jangl) b cilladiall
 [11] ([10] Wlaill KNl aliea aglidiy cilbafiall jleY damRE 3ol -
Sl e anaill Baadly HCIIM bl b dumidid) el dilaia 3 -
- [3] 255 mhaws e HYgs ¢ Clags -
5 (1A) Lidl algy 94.66 % e ded adl ) cliag R (%) Lyl ddeld -
23.327uFecm? (Cq)) 5 (1C) Laiiall 215 97.92 % 5 22.014 uFem? (Cy)
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200
180 P 1: HCI 1M
o] / S 2:1.486*10°M(1A)
] . \ 3:2.972*10°M(1A)
107 / - 4:4.458*10°M(1A)
120 . \ 5:5.944*10°M(1A)
100 %/ﬁ\i@ 5 \ 6:7.430*10°M(1A)
804 / \\
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20_‘ L= 2. 3 .i l\
1 3 .
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0 100 200 300 400 500 600

Zr [ ohm.cm?]

S5 il HCI M (paalal) Jagl) A X52 gl il Nyquits Aaie .6.JS&

-Zi [ ohm.cm?]

(1A) hiall

140 -

130 /‘\4 1: HCIl 1M

120 ] « \ 2:1.427*10°M(1B)
110 Y 3:2.853*10°M(1B)
132-_ < 0\ 4:4.280*10°M(1B)
o] ‘//v/'\ * 5:5.706*10 °M(1B)

| NI

6:7.133*10°M(1B)

Zr [ ohm.cm?]

A4 ®
\
\ \
v *
Vo \
\ +5 1
L U4 |6
. <
v ’/
'x T I; T q T T i‘I
150 200 250 300 350
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160_
flg /<\< 1: HCI 1M
130 4 \ 2:1.421*10°M(2A)
120 / 3:2.842*10°M(2A)
138 ) \ 4:4.263*10°M(2A)
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150 200 250 300 350
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140
e «— 1: HCI 1M
o e \ 2:1.365*10°M(2B)
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: HCI 1M
:1.307 *10°M(1C)
: 2.615 *10°M(1C)
: 3.923*10°M(1C)
: 5.231*10°M(1C)
: 6.539*10 °M(1C)
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SaSh Cilidal Rt (e Bl djgenal) Jagdill Add o AubasSe Sy palEal) L3, Jgaad)
cliaia (e Axifics HCI 1M Jaaghl 8 (sl 3gil) (ST (1C.2B. 1B. 2A. 1A) 3!

25° C de duiliasSy i<ty dailaal) ddlias

R Cual Rt S il e il
(%) HF cmr2)( (Qcm?) (105 M) :
7 412.844 9.643 0 HCI 1M
64.34 147.201 27.044 1.486
84.48 102.501 62.140 2.972
90.53 62.539 101.847 4.458 (1A)
90.68 61.516 103.541 5.044
94.66 22.014 180.830 7.4300
5321 193.72 20.608 1.421
80.25 130.449 48.827 2.842
87.79 127.420 78.979 4.263 (2A)
89.19 71.393 89.217 5.684
93.48 2691 147.933 7.104
65.06 144.245 27.598 1.427
81.38 122.987 51.789 2.853
88.73 74.445 85.557 4.280 (18)
90.77 38.089 104.514 5.706
92.79 18.817 133.702 7.133
46.89 219.236 18.158 1.365
83.67 107.861 59.052 2730
89.59 42.953 92.679 4.095 (28B)
90.20 40.439 98.442 5.460
92.54 30.799 129.253 6.825
92.25 116.986 129.10 1.308
955 53.1368 193.40 2,616
96.95 50.6010 316.70 3.924 (1€
96.63 38.8390 286.50 5.231
97.92 233276 464.20 6.539
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a8 o (lA)

46 | ok - (2A)
44t (1C) //Q//%/ — (1B)
wf e ——(2B)

O +of O ! ——(1C)
® ss}(1B) (1A)
\@/ 36-—
e
3.0 - T T T T T T T T T T T T
log(1-@)

HCI 1M & X52 Aslsll Neilt Flory Huggins ey aligi) .21, Jeil)

el JSTR? Lol V) el ol Liad 515aY) 8 aiiall 7 3 gall Argida Rdjeae ol (g

c(2B) ((1B) ¢ (2A) « (1A) cliadall el Jst R? BLa¥) Jalas 4. Jgaal
HCIIM b sulsh sdll JST 4 pu Ll (1C)

Flory
Huggins

0.904
0.807
0.964
0.949
0.945

0.94

1

0.869

0.979

0.970

0.966

SR z3sail R

El-Alwado Freundlish

0.869
0 .966
0.872
0.904
0.946

Frumkin
0.231
0.554
0.452
0.290
0.860

<200

Temkin
0.888
0.977
0.941
0.926

0.954

Langmuir
0.997
0.993
0.998
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(2A)
(1B)

(2B)

(1C)
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(1B) «( 2A) ‘(1A) clbdiall S Kads
HCI 1M 4 sl Nsll JST depu Lt (1C) «(2B)

-AGads
KJ/mol

39.36

38.47

38.73

39.03

39.03

K,

0.320
0.190
0.135
0.105
0.086

0.413
0.260
0.190
0.149
0.123
0.104
0.386
0.239
0.173
0.136
0.112

0.369
0.266
0.163
0.127
0.104
0.379
0.234
0.169
0.132
0.109

Kadsx 10°
L/mol

1.43

1.00

1.11

1.25

1.25

¢ KLe R? LUy Jalas .5 . Jgaall

0.997

0.993

0.998

0.997

0.997

S
(105 M)
1.486
2.972
4.458

5.944
7.430

1.421
2.842
4.263
5.684
7.104

1.427
2.853
4.280
5. 706
7.133

1.365
2.730
4.095
5. 460
6.825
1.308
2.616
3.924
5.231
6.231

<layial)
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E vs SCE/V
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[15] sl daps pli) S adels jii cilhial -

R (%) Lt Jae 5 (8) dpkail) dus o(Bcorr) MNsall JSUI y5aS ¢(icor) Llall A8ES 50 o8
DAy Jslaall 8 caigy (2B) ¢ (1B) < 2A) ((1A) kil
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1
0. 5643
0. 6202
0. 8500
0. 9280
0.9662

I

0.6421
0. 8473
0. 8621
0. 8840
0. 9190

I
0.9002
0.9234
0. 9120
0.9336
0. 9344

I
0. 8023
0.9423

0.9843

0.9945

0.9990
1

0. 9192

0.9868

0.9931
0.9935
0.9969

R
(%0)
I
56.43
62.02
85.00
92.80
96.62

I

64.21
84.73
86.21
88.40
91.90

I
90.02
92.34
91.20
93.36
93.44

1
80.23
94.24

98.43
99.45
99.90
1
91.92
98.68

99.31
99.35
99.69

HCI 1M iaalall Jaugll B (1A) Ladial) o 5ad) dapn il 6.0 530

bc
(mVdec?)

-79.8
-60.7
-78.6
-65.9
-47.7
-55.3

-84.5

-89.7
-65.6
-88.3
-85.7
-83.1

-99.7
-46.5
-69.9
-57.5
-37.7
-54.3

-68.3
-57.0
-26.5

41.5-
-36.0
-39.8

48.8-
-67.2

-21.3

-46.2
-58.8
-22.7

ba
(mVdec?)

62.6
62.0
84.8
54.7
37.4
45.2

63.9

75.5
53.5
89.9
79.8
85.7

88.1
34.7
48.4
61.8
39.6
57.5

53.6
50.8
30.5

32.3
34.3
19.9
42.6
28.7
14.5

16.5
13.3
16.5

(mA.cm?)

icor

0.304
0.132
0.115
0.045
0.021
0.010

0.568

0.203
0.086
0.078
0.065
0.046

0.728
0.072
0.055
0.061
0.048
0.047

0.838
0.165
0.046

0.013
0.045
0.009
1.250
0.101
0.016

0.0086
0.0081
0.0037

Ecorr vs
SCE(mV)

-491.1
-486.3
-495.8
-484.3
-490.4
-487.2

-488.2

-491.9
-490.6
-495.9
-505.7
-508.8

-487.8
-468.9
-480.4
-503.7
-506.2
-510.1

-476.2
-481.9
-500.1

-460.0
-479.4
-481.6
-468.8
-474.4
-448.0

-461.0
-474.6
-492.0

i) 58 A
(105 M)
HCI 1M

1.486
2.972
4.458
5.944
7.430

HCI 1M

1.486
2972
4.458
5.944
7.430

HCI 1M
1.486
2.972
4.458
5.944
7.430

HCI 1M
1,486
2,972

4,458
5,944
7,430

HCI 1M
1.486

2.972

4.458
5.944
7.430

T°C

20

25

30

40

50
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HCI 1M aalall augll 4 (2A) Ldal) o 5)all dapn il 7 . Jgand)

R bc ba icor Ecorrvs SCE | adiall 3u8 jill

(%)  (mVdec?) (mVdec?!) mA/cm? (mV) (105 M)
1/ /1 -79.8 62.6 0.304 -491.1 HCI 1M
0.8546 85.46  -65.8 35.1 0.044 -479.6 1421
09138 91.38 -57.8 40.7 0.026 -478.8 2.842 20
09245 9245  -64.3 47.5 0.023 -486.8 4.263
09110 91.10  -63.7 53.1 0.026 -498.6 5.684
0.9357 93.57  -45.5 41.2 0.019 -509.1 7.104
1/ // -84.5 63.9 0.568 -488.2 HCI 1M
0.5656  56.56  -90.8 71.5 0.247 -496.6 1421
0.7670 76.70  -80.3 81.3 0.133 -505.3 2.842 25
09071 90.71  -58.3 59.1 0.052 -502.2 4.263
0.8697 86.97 -94.7 76.9 0.074  -505.7 5.684
0.9667 9627  -65.3 75.6 0.021 -525.1 7.104
/1 // -99.7 88.1 0.727 -487.8 HCI 1M
0,8439 8439 -63.6 43.7 0.114 -477 4 1421
0,9045 9045 -70.2 49.8 0.069 -482.0 2.842 30
0,9169 91.69 -77.8 50.2 0.060 -484.8 4.263
0,9566 95.66  -74.2 46.9 0.031 -497.5 5.684

T°C

0,9757 97.57 -442 374 0.017 -505.7 7.104
1/ /1 -68.3 53.6 0.838 -476.2 HCI 1M
0.7580 7580 -71.4 37.3 0.202 -477.9 1421
0.8353 ' 83.53  -84.1 52.4 0.138 -486.9 2.842

0.8697 86.97 -94.2 62.1 0.109 -495.8 4.263 40
0.9457 9457 -78.4 39.0 0.045 -490.2 5.684
0.9722 9722 -440 29.8 0.023 -0.304 7.104
1/ 1/ -48.8 42.6 1.250 -468.8 HCI 1M
0.8050 80.50  -52.5 31.5 0.243 -488.6 1421
0.8603  86.03  -69.9 48.9 0.174 -490.8 2.842 50
09652 96.52  -72.0 25.8 0.043 -480.5 4.263
09674 96.74  -58.0 37.1 0.040 -490.2 5.684
09727 9727 -64.8 34.5 0.034 -507.7 7.104
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111/
0.7002
0.7508
0.8769
0.8991
0.9179

111/
0.6126
0.8093
0.8406
0.8783
0.9103

111/
0.6827
0.8972
0.9543
0.9671
0.9738

111/
0.7127
0.7717
0.8697
0.9765
09771

111/
0.8970
0.9548
0.9606
0.9760
0.9797

R (%)

111/
70.02
75.08
87.69
89.91
91.79

111/
61.26
80.93
84.06
87.83
91.03

111/
86.27
89.72
95.43
96.71
97.38

/111
71.27
77.17
86.97
97.65
97.71

111/
89.70
95.48
96.06
97.60
97.97

HCI 1M aalall augll 4 (1B) Jadall o 5yall daja a0 8. gl

bc
(mVdec?)
-79.8
-63.7
-83.7
-60.3
-63.5
-47.3
-84.5
-95.5
-88.1
-85.0
-80.6
-94.1
-99.7
-52.0
-69.6
-71.2
-54.5
-41.8
-683
-74.3
-72.8
-72.7
-67.4
-62.5
-48.4
-48.6
-57.9
-72.7
-62.5
-59.0

ba
(mVdec?)
62.6
49.6
61.8
47.9
53.1
42.6
63.9
69.8
73.8
81.8
54.1
74.6
88.1
353
48.6
44.0
42 .4
33.6
53.6
74.3
45.7
45.6
31.3
25.7
42.6
24.0
26.6
34.0
22.1
16.5

p0ogH

icor
mA/cm?
0.304
0.091
0.075
0.037
0.030
0.025
0.568
0.220
0.108
0.090
0.069
0.051
0.727
0.099
0.074
0.033
0.023
0.019
0.838
0.240
0.105
0.078
0.019
0.019
1.250
0.133
0.067
0.049
0.029
0.025

Ecorrvs
SCE(mV)
-491.1
-485.2
-485.0
-487.9
-494.1
-504.0
-488.2
-492.9
-497.8
-505.1
-510.4
-515.0
-487.8
-469.9
-480.7
-485.8
-493.3
-492.2
-476.2
-482.4
-485.9
-492.5
-498.3
-509.5
-468.8
-464.0
-464.3
-483.7
-495.7
-503.2

Jadial) 38 )
(105 M)
HCI 1M

1.427
2.853
4.280
5.706
7.133
HCI 1M
1.427
2.853
4.280
5.706
7.133
HCI 1M
1.427
2.853
4.280
5.706
7.133
HCI 1M
1.427
2.853
4.280
5.706
7.133
HCI 1M
1.427
2.853
4.280
5.706
7.133

T°C

20

25

30

40

50
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HCI 1M aalall ugll 4 (2B) hadall o 5ad) daye a6 9.0 gl

8 R bc ba Icor Ecorrvs Lfiall 38 Al T°C
(%) (mVdec?!)  (mVdec!) mA/cm? SCE(mMV) (105 M)
/111 /1] -79.8 62.6 0.304 -491.1 HCI 1M

82580  82.58 -56.4 40.9 0.053 -472.6 365.1
9179.0  91.79 -52.1 35.4 0.025 -464.1 730.2
9109.0 91.09  -58.6 = 434 0027 -4799 0954 20
92720 @ 92.72 -55.0 41.4 0.022 -481.5 460.5
9573.0 @ 95.73 -34.5 33.6 0.013 -497.8 6.825

11/ 111/ -84.5 63.9 0.568 4882 = HCI1M
63450 @ 63.45 91.6 67.8 0.208 -487.4 365.1
84490  84.49 -85.9 68.4 0.088 -501.8 730.2
8745.0  87.45 -94.2 61.7 0.071 -497.2 0954 25
9142.0 91.42 -933 60.2 0.048 -500.9 460.5
9554.0  95.54 -60.6 61.2 0.025 -512.4 6.825

11/ 111/ -99.7 88.1 0.727 -487.8 = HCI1M
87200  87.20 -55.1 39.6 0.093 -472.9 365.1
9302.0  93.02 -78.0 46.9 0.050 482 .4 730.2
9602.0 = 96.02 -75.2 47.1 0.028 -488.7 0954 30
9750.0  97.50 -78.2 43.2 0.018 -495.6 460.5
9758.0  97.58 -60.9 422 0.015 -489.4 6.825

/1 11/ -68.3 53.6 0.838 -476.2 = HCI1M
8606.0  86.06 -51.2 34.6 0.116 -469.8 365.1
9230.0  92.30 -75.8 41.3 0.064 4772 730.2
9378.0  93.78 -80.6 43.9 0.052 -481.9 0954 40
9597.0 @ 95.97 -76.7 39.1 0.033 -480.5 460.5
9758.0  97.58 -75.6 21.8 0.020 -493.2 6.825

11/ 111/ -48.4 42.6 1.250 -468.8 = HCI1M
90020 = 90.02 -64.8 223 0.124 -462.1 365.1
9309.0 = 93.09 -77.5 36.8 0.086 -473.0 730.2
96910 @ 96.91 -77.7 33.1 0.038 -472.0 0954
98120 @ 98.12 -46.5 23.3 0.023 -484.7 460.5
9886.0 @ 98.86 -60.2 20.2 0.014 -489.2 6.825

50
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) o Al dadall dagla 5 0l ol 8 clSal) Jeling agdl) lslud) e aSBl
¢ Z8iSS g5 e Ssa gae Jlexind ) Ul (MEB) 355N jeaall 5dsi axe pay
Jlexind Jsf 2 Taaglh . cilafiall (e 5 agmy 8 L Lpad S any 5 J s il

SIS Alies Hgeall 48 culS 5 aliine JSB g e J5 mhand) e 2 Aida <0

Jad 25°C 20°C 30°C 40°C 50°C

Nl o (maall 5l of Badispe all 20 Sy cul ) sl jgaall joa DA (e
Chball dayn @y L mdaud) il dua laals (€ X552 35y)lSl)

: [6] “dull Arrhenius 4dle (385 5l dayo 5 JSUI Aoy (s o il oy

icor = Kexp( ;—Ea} ...... (6)
:40ul) Arrhenius A8l ADke) (pe W) s Japiiil) bl 5 g 50l Ll
. _ RT (ﬂS“ ) —AH®,
icor = hN exp R exp [ RT S - (7)

ahlall culi R
Gl el :h
solagdl axe N
Lysnl el :AH®,
Jayawil) ‘511)3..3 :ASe,
Sle 5aY) o3 S5y ey cilladall dsag 585 5245 gied (e ST HCI 1M (Ea) ded -
On g il Dala JSal el phall 2a0 32l el e LS Ll WS (anall mla
sy WS PhasS il (o jiag Le 13y dass gl (8 Lafiall 50855 30l 2y rhadly Ladial)
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e
= —— --;h“rv = k = s

(1B) « (2B) « (2A) ¢ (1A) daldl cilhiiall R (%) Ll el 30l P& e
b Al Gilal sae) Adilge mil o2 . 50°C ) 20°C (e Jlaall 8 5yl day0 5l
. [21] HCI Lul

delds of e A¥a laay (1A) Ll Lase plil cilhadia) aals & a6 (AH?,) o8 -
(2B) Cuhadiall oY) AN 5800 Al )Ll 5 ey panall 2l 5 3hall (ale JSE
. [22] shall Hab Jelal o (2A) Liwl 5(1B) «

Jil) ) daad o) e 3lads Claies agag dai Gllafall aalg 4 Al (AST) o8 -
¢ (2A) (1A) wladall 5815 asmgy ale A . [21] ¢ [23] e daida sl i) oy
(2B ), (1B) « (1C)

1.0
05
0.0

-0.5

1.0

1.5

2.0

25

3.0

35

4.0

45

5.0
55
-6.0 4

cor

Ini_ /mAcm™

10°T*(°K™)
Dot JSU Lo ABUS e @) uguawdl Arrhenius dada .1 .
972 X 105+ HCI 1M : (3) < 1.486X 10°M + HCI 1M :(2) « HCI 1M : (1)
¢ 5.944Xx10° M+ HCI 1M : (5) < 4.458% 10° M + HCI 1M : (4) < 2 .M
7.430X10°M+ HCI 1M (6)
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45
5.0
55
6.0
6.5
75
8.0
-85
95
-10.0]
105
1.0
115

cor

In(i /T)/10 mAcm K™

% a0 3 .103'lr'1(°K.'l) T s aw 3
Jal e Shall ustia A IN(icor/ T) s Aada.2 .
972 X 10°+ HCI 1M : (3) < 1.486X 10°M +HCI 1M :(2) « HCI 1M : (1)
¢5.944X10° M+ HCI 1M : (5) < 4.458X 10°M + HCI1M: (4) « 2.M
7.430X10° M+ HCI 1M (6)

1.0
0.5—-
0.0—-
.0.5_-
_1.0_-
_1.5_-

-2.0 4

Ini_ /mAcm™

cor

-2.54
-3.0 4

-3.5 4

4.0 4

10°T(°K™)
D d STl L ABUS e BUail ugwaal Arrhenius bada .3 .
842 X 10° + HCI 1M : (3) « 1.421X 10° M+ HCI 1M :(2) « HCI 1M :(1)
¢5.684%10° M+ HCI 1M : (5) < 4.263X 10°M + HCI 1M : (4) « 2.M
7.104X10°M+ HCI 1M :(6)

Kp1ai
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-4.5

-540—-
-5.5—-
-640—-
65
-740—-
75
-8.0—-

-8.5+

cor

In(i_ /T)/10"mAcm>°K™

-9.0

-9.5

-10.0

% a0 315 s 103;|"1(°k:1) [ P P
tdal (e Bl quglia AV IN(icor/ T) Likd Aade 4.
842 X 10%+ HCI 1M : (3) « 1.421X 10°M+ HCI 1M :(2) « HCI 1M :(1)
«5.684X10° M+ HCI 1M : (5) <4.263X 10°M + HCI 1M : (4) « 2.M
7.104X10° M+ HCI 1M : (6)

1.0
0.5+
0.0+

-0.5

-2

-1.0 H
-1.5

-2.0 4

cor

Ini_ /mAcm

-2.5 4
-3.0 4

-3.5 4

4.0 4

I e e e e L E e o e T
305 310 315 320 325 330 335 340 345 350

10°TH(°K™)
b ST L ABUS e il ugwaadl Arrhenius dada .5 .
853 X 10°+ HCI 1M : (3) <« 1.427X 10°M+ HCI 1M : (2) « HCI1M: (1)
¢« 5.706X10°M+ HCI 1M : (5) « 4.280X% 10° M + HCI 1M : (4) « 2.M
7.133X10° M+ HCI 1M : (6)
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-4.5

50
-5.5—.
6.0
651
70

-7.5 1

-8.0 4
-8.5 -

5(4)

-9.5 4

cor

In(i_ /T)/10 mAcm>°K™

-10.0

% a0 315 s 103.T_1(0k;1) L P P
Jal e Shall ustia A IN(icor/ T) s Aada.6 .

853 X 10°+ HCI 1M : (3) « 1.427X 10° M+ HCI 1M :(2) « HCI 1M : (1)

¢5.706X10°M+ HCI1M : (5) <4.280X 10°M + HCI1IM : (4) « 2.M

7.133X10° M+ HCI 1M : (6)

Ini_ /mAcm?
cor

% 210 355 s 103AT_1(OKA_1) T om0 345 3
P JSUN L ABUES e B Gugaaall Arrhenius daia .7 .
(4) <2.730 X 105 M+ HCI 1M : (3) < 1.365X 10° M+ HCI 1M :(2) « HCI 1M : (1)
¢ 5.460%10° M+ HCI 1M : (5) « 4.095X 10°M + HCI 1M :
6.825X10° M+ HCI 1M : (6)

K15
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In(i_ /T)/10 mAcm™?°K™

-4.5

-9.0

-8.5 -

-10.0 4

G T —

-9.5

2B
(1. )

(2)

e —

(4) \. (i oL

’./_'/_/:/76)

—— 77777
305 310 315 320 325 330 335 340 345 350

10°T(°k™)

tdal (e Bhal) quslie AV IN(icor/ T) itd Aaia 8 .

730 X 10° + HCI 1M

: (3) ¢ 1.365X 10° M+ HCI 1M :(2) « HCI 1M
¢ 5.460X105 M+ HCI 1M : (5) < 4.095X 10°M + HCI 1M

6.825X10°M+ HCI 1M : (6)

16

: (4) < 2.M
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HCI 1M haushl 3 X52 gl Meill Ea ASa®AH® haydisl) cilbla 14, Jgaal

(AS° )
(J.mol-1)
-25.275

-291.173
-434.848
-468.605
-378.841
-437.226

-165.791
-147.748
-242.916
-269.389
-238.044

-242.035
-284.189
-262.821
-326.011
-314.620

-238.459
-207.862
-258.248
-292.171
-292.670

AH®

a

(J.mol-1)

-69.351

8.830
50.94
59.390
31.761
48.207

-29.200
-35.902
-7.923
-0.723
-11.839

-5.836
-5.653
-2.037
15.855
11.956

-7.674

-18.657

-4.281
5.196
4.173

(1A)

(2A)

(1B)

(2B)

Ea
(J.mol-1)

71.903

269. -6
933.-47
-56.829
-29.200
-45.646

31.753
38.454
10.484
3.284

14.400

8.389
-3.092
4.597
-13.303
-9.395

10.235
21.210
6.834
- 2.644
- 1613

bl 58 5
(105 M)
HCI 1M

1.486
2.972
4.458
5.944
430.7

1.421
2.842
4.263
5.684
7.104

1.427
2.853
4.280
5.706
7.133

1.365
2.730
4.095
5.460
6.825

Langmuir zise csis 5 cadl (2A) < (1B) < (2B) « (1A)

Kp17H



s ohadl clajy calidal )y ?J‘:Uj:“ WAYS

ket Banyy Adlide Hha Slapy A (2A) « (1B) ¢ (2B) ¢ (1A) S lise Ly
A Sugst A Hagse AGre) &x€lisnsasdl ,uslid s Kygo S5eY) i A ol fostia 5
S5 Jsiall 5 Dzl e bl 1ol il (RD) LLGY debes sy
Y]
HCT 1M (8 X52 (sl sl S5 aligs) g itadl (R2) BLGN) Jalaa ad . 15, Jsaal
(1B)¢ (2B) ¢ (2A) (1A) cilliall Blall clays cilida

Langmuir 3 g g

| (T°C) (Badial) )
N

962.0 20

997.0 25

999.0 30 A

999.0 40

999.0 50
|

999.0 20

993.0 25

999.0 30 (@A)

996.0 40

998.0 50
]

995.0 20

998.0 25

999.0 30 (1B)

990.0 40

999.0 S0
I

999.0 20

997.0 25

999.0 30 (2B)

999.0 40

999.0 50
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