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Abstract @ The solubilization constants (K,) of 4-halogenated aniline derivatives by cationic
surfactants (DTAB, TTAB, and CTAB) were measured by the UV-Vis method. As a result, the K
values decreased as the temperature increased for all the aniline derivatives and showed a tendency
to increase as the radius of the halogen substituent and the hydrophobic length of surfactant
increased. The calculated values of AG’ and AH® for these solubilizations all showed negative
values within the measured range, but all the AS° values showed positive values. For all the
4-halogenated anilines, the A G’ values all tended to decrease as the temperature increased, but
both values of AH° and AS° showed a tendency to increase. In addition, as the radius of the

halogen substituent increased, the values of AH’ and AS® tended to decrease in general.
However, when the hydrophobic group length of the surfactant was increased, the values of these
thermodynamic functions showed a tendency to increase in general, although it differed depending
on the type of aniline derivative. From the changes of such functions, it was possible to estimate
the type and strength of interactions between 4-halogenated aniline and micelle, and the location
at which they were solubilized in the micelle.

Keywords ©  Cationic  surfactant, Critical Micellar ~Concentration, — Solubilization — constant,
4-halogenated aniline, thermodynamic function

1. M 2 aurHos shgatEn

ARSA A= & 224 Wl 24 53

A4 IFS A WO dstel GAME  ofe BAS] JMESANE AT Sstel o
BE(CMO) oo 2ol S90S u) WA 4 g B olSe] pIEn A
B2 A gk wlAleleb WEAE WA [7-13] Teht 2 Aol eHes Qs
ohne AWBHAY] FRE Hhel met B pre BA5Y shgsidTi ARk Hgo

oF] SR AHOZ Sl S Al 8] mAl yelq olF 2AS0] sHesEE 9

ARSIARAER olFolxl 799 HAFgAE zo diste] Mz g oAse] =EH7E st

o]FA HUH1-5]. wAEHS AHDAHA A RATH7,10,13]. whebA & AFolM = 7HetE =
T4 IFoR olFojHqA HsE WA H, EHEA 4-F=23} oPdYR[EAE ol-85to]
tdol2Ee] FiRAor HlEo] H7olFES 7R Ay AfAdS WA
FAsHA ok 193 njAde] FARE AWgd TR mjAe] F7|9f FRE WS fi5he]
Aol 2544 IFoE o|Fo|AA 5] H=4 AR gA o] 7= BARE Aag7]9] o]
et Z2 AES dvehdosel. 9 S4 7b A= oE dole AWEEAd DTAB
H Atolofl= dARRES & £AE0] AFEIA (dodecyltrimethylammonium  bromide), TTAB
oF7tel S-S Uetlle palisadeZol FA5HI (tetradecyltrimethylammonium bromide) 12|11
o, o] & FHA &©H4aLrt Y A9 24 CTAB(cetyltrimethylammonium  bromide)& At
o|7k2] PAE oA wAdle] HARZES FAsH gt ol =43 npdte] Joakgo TR
"ot olgfRt Fx9] mAde {7 &2 FEH of A7l 2t mAl YollA olF EEE9] 7HE
SN AN F2 a4 ARAES olgleR el YIAE 2ARSH] flote] =Rt g
A oud £og oA mH| FEAIZA Kol HskE xAfetglen, et vtz RE
o, olAS AULGAS 71gstdgolet tth oy 7hx] dddshd e e AXlsln B4
[7-111. shgirH12,14].
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2. 4 ¥
= AdollA AR m7HEekES UV-Vis 4

AollAl FBEE do7|= 4-ZEAF} ofdw
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4-bromoaniline ¥ 4-iodoaniline)& 12|11 A
HEAZA o] FYollA FF=E Fo7|A &
= dEE AFe ol AHLSIAQ DTAB,
TTAB % CTABS AAdo=s ofdd fF=A|
9] 7H83dAdS A7 4 UTh olE2 BF
£7t 98% o]44Ql Sigma -2 AldrichAe] A
2 AAH] &1 ddiE ARESHT &9
TWE7] st AHERE B2 SRS AXVE F
ste] Agre] 18.0MQ/cmo] EHiE goles
5 AHgoiect gole] FUES 2] Siotod
Scinco  Corp.9] UV-Vis B33 A (model
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4-g2A5t opdd o] AFEN0.5mM)S T
Row, AAF] o] AA-gHof| AR IAE =
o AHEFAC] F=rt 0.01M1 & 17 A%
SAZ vk O9 &, F 9 AFERS A
AR Aggdor FAoEHN 4-F=73} ofd
Ao Tkt AT AEEFGAL] FEIT A
2 OE 137 ol §dES Axsty FH=
H3lE Z2431IeH9,10]. vl £oz ofddo]
7Hgetd o g Qlste] GO FFL= HSHA H
, SEET 7P 3 ®ske P 1A
Aol FFLHSE Skt 545 &4
FEE AHSGA Y skof tiste] TAlst
IR A 9] =7 CMC olstolAe &
7t W3lstr] gtz CMC o9 FkolAe=
ofd® o] 71838tz Qlste] FF=7F WS ok
olfl FELe ®ERHE K#es S5
[0]. 28|31 FisherAte] &F&Z(model-9101)E
AMgste] 2 s 2EsIGlon, BE AYEHS
F2x HollA 308 ¢ FAste] dHoz jJ
S AR §, S FFEE S
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3. #at ¥ nF

ARGl ot mrhgskEe] 7Heeade
A (DI Zo] mrhgekeyt nldvte] Fgurs
oz yehd £ glew, omjo] 71§ (K,)
F2 A Q% 2ol UEhd 4 Qo 4714 [S.]

Fol&d AHGYADTAB, TTAB & CTAB)I 93 4-T=23} obdile] 7Hg8fe] figt a3

= 81 Aol EAlste 7HgelEY] FEE 1
21 [S,l& 7Heehe m7bgeEe] FEE UE
e, [Dnl2 PAe skE vehdr. UV-Vis
Holl oot AREGA BHNAN FHE=(A)+=
He 240 &4 81 Aol EAY W 53k
(A) T8y BE A &Ko7 JHEIESGlE o
SE=(AwSH A (39 IAZE dFstA = o
714 [Dle ARgdAde] d4 =5 Ueidi=
AoRA o] A CMCE ®WH [D,]& 7+
o St} L. Sepulveda®}t Leeoll €JstH UV-Vis
HolA A (3)9] WS Foto] IAS 8]
SZE(A)of tiste] TAISHH Aol fojz|w,
O AASY VeTERE KR 7Y 5 o
[9,10,15].

Sa ¥ D = Si )
K, =15,1/(s]p, ) =1s,1/15,]-(D]— cm0) (2)
(A-A)/([DJ-CMC) = KeAn—K:A 3

TTAB gHol|A 4-gz7s} opdo] K gk
ofg] 2kofx ZAstglen, 1 A7E Table 1
of Wehioleh. E3E Fig. 1ol 2E9ste] e
Kge TAst otk o714 & & xRl
RE JHZE F4LE olFn gasta ok wf
2 InK ke A (D3 Zol 2&(T)9 27 &
S22 vebd 5= th9,14]. 7+ ofdd fEA
st HaaAsHe A8ste] 4 4] ¥Mas
S fotlem, 1 FHES olfste o7 A
29t o e AATSITHI6-201. =, 4
G)ell o5t AGFE AltsteH, O AdE
Table 1ol K7 27 Wehfigdch. Table 1¢]
o5t K ke 2= St weEt #asigle
gz 2879 WA Bl ALFE K
ook AFS BT AGURE 23T

e ol BF &9 e HEhiler,
&9 F7kel wet T3 IR 287
gl F7FEE AGRe B8 Hast
e BHArh Fig. 20 LEHsl] o2
GoFrel WS LAlste] Hth RE =
2 719 Hde olFH gaska glon, ofd
=9 FHel wet £& 1K F71 wiofet
G°F2 9F 0.012~0.020k]/mol® A5kt
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Table 1. The values of solubilization constants (k&) and A G°(kJ/mol) for the solubilizations of

4-halogenated anilines by TTAB at various temperatures

Temperature (K)
Solutes Parameters 290 206 300 303 37
» K, 21.02 18.79 16.96 15.38 14.04
aniline
AG° -17.04 -17.11 -17.20 -17.29 -17.39
A-fl i K, 36.19 32.20 28.85 26.32 24.28
~fluoroaniline
" AG° -18.35 -18.44 -18.54 -18.67 -18.82
A—chl i K, 130.0 110.8 95.89 84.38 75.61
- roanilin
chiotoantine AGT 2143 | 2148 | -21.55 2165 | -21.79
. K, 221.0 185.5 158.4 137.8 122.1
4-bromoaniline
AG° -22.71 -22.75 -22.81 -2291 -22.03
. . K, 324.6 267.9 226.2 195.0 171.4
4-iodoaniline
AG° -23.64 -23.65 -23.71 -23.80 -23.93
12
—@— aniline —— aniline

—&— 4-fluoroaniline
—A— 4-chloroaniline
—¥— 4-bromoaniline
—O— 4-iodoaniline

300 -

1 y
100 1
.

jmzzu

290 295 300 305 310

Temperature (K)

the KA. values

Fig. 1. Plots of !
temperature for the solubilizations of

the halogenated

against

anilines by  the
aqueous solution of TTAB: (@)
aniline; (M) 4-fluoroaniline;  (A)
4—chloroaniline; (V) 4-bromoaniline;

(O) 4-iodoaniline.

Ink, =aT?*+bT+c )

AG°=—RT'InK, = R(aT*+bT°+cT) (5)

QU AES ASGS A2 4 ©F ()
ofstel AXISIEOR, T AE Table 20 Lek

—&— 4-fluoroaniline
—&— 4-chloroaniline
-15 —¥— 4-bromoaniline
—O— 4-iodoaniline

o o o ¢
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v
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-27
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Fig. 2. Plots of the AG® values against
temperature for the solubilizations of
the  halogenated anilines by the
aqueous solution of TTAB: (@)
aniline; (M) 4-fluoroaniline;  (A)
4-chloroaniline; (V) 4-bromoaniline;

(O) 4-iodoaniline.

yoith Table 20 9stH AHZS BT 29

e 2R ASEES BE o] e Lehfel
on|, Bg w0 Z7lol wet olF des)
S PES BE e ZFS By tebd
ofole AWBYA olgt 4-FRA} opdele]
Fhgstel e Aguigr ohet =R 3F
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Table 2. The values of AH°(kJ/mol) and A.S°(J/mol'K) for the solubilizations of 4-halogenated

anilines by TTAB at various temperatures

Solutes Parameters Temperature (K)
290 296 302 308 314
o AH -13.34 -13.08 -12.77 -12.39 -11.96
aniline

AS° 12.74 13.62 14.68 15.89 17.27
A fluoroaniline ANH° -14.69 -13.72 -12.64 -11.43 -10.10
AS° 12.62 15.94 19.52 23.48 27.75
4 chloroaniline AH° -19.68 -18.49 -17.15 -15.66 -14.01
AS° 6.02 10.09 14.56 19.45 24.76
A-bromoaniline ANH° -21.62 -20.29 -18.79 -17.12 -15.27
AS° 3.75 8.31 13.33 18.80 24.74
4 iodoaniline ANH° -23.49 -21.93 -20.19 -18.26 -16.12
AS° 0.35 5.82 11.64 17.99 24.84

-10
% -15
E
=
=
-
< -20
—@— aniline
—&— 4-fluoroaniline
—&A— 4-chloroaniline
—w¥— 4-bromoaniline
.25 —O— 4-iodoaniline
0 5 10 15 20 25
AS® (J/mol K)
Fig. 3. Plots of the AH’ values against the

A S° values for the solubilizations of
the halogenated anilines by aqueous
solution of TTAB: (@) aniline; (H)
(A) 4-chloroaniline;
4~iodo—

4~fluoroaniline;
(¥) 4-bromoaniline; (Q)

aniline.

o 7lofstal glom, ofdd [A|e}t uldAto]
ol HH7IA AT} a4 Qo] FA &
S5t S & 4 AoH21,22]. EJF 2Tt
of wet Egmay= Fastal JJEZE =
Ao 2 Frksta Qlth =27 x|gr]e] '3t
£ 53 2nd mEt ool ztelg BT

A es S 27| HixFo] ALSE
AHGT ASE Sl #AAastAY ofy |
I ot FUkelHrt fFaske e Hlth
o|ZA-e =7 27| 9 §izFo] AZLE ofd
d FeAls vl 391 Ko7 f& Wol 7HE
stel, To] 22 @24 A E M f
Ado-5 mAdo] yi Ze Zoz JHEsEe
olulgteh22]. Fig. 3ol Table 29] AH'ZLS
ASgholl tisto] mAlste] Heokeh 1 Adp, m
T otdd fEAo] Aol S o|FqUth o
A o]F dpAteldll A (8)x Zol 13 E49]
Ag ALY S AO,14]. 2 ez Hax
S A8ste] 7k A4 Zler|et dHe F
st9.om, 171 Table 39 uehigich. E3t
RMSD(root mean square deviation)@d@ S+
L& (iso-structural temperature)gt= A ALt
sto eI ofdd fAolA =4 X|¢
719] FHoll Adaglol W4 po] @2 A9 Hlx
o = UEdtleH, S9x ke A29l of
303K A 9] AL H|SgE g2 UGl

amr=— 125 a1, = R2aT*+0T?)
6)

AS°=(AH—AG")/T=R(3aT*+2bT+c)
@)

AH=p-AS°+q ®
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Table 3. The least square parameters’ values of Eq. (8), RMSD (root mean square deviation),
and iso—structural temperatures for the solubilizations of 4-halogenated anilines by

TTAB
Solutes Parameters of Equation (8)
p q RMSD (%) Iso-struct. Temp. (K)

aniline 0.3033 -17.21 0.01 303.3
4~fluoroaniline 0.3030 -18.53 0.01 303.0
4~chloroaniline 0.3029 -21.54 0.01 302.9
4-bromoaniline 0.3029 -22.79 0.01 302.9
4-iodoaniline 0.3029 -23.68 0.01 302.9

Table 4. The values of solubilization constant (A,) and thermodynamic parameters (AG°, AH?,

and AS°) for the solubilizations of 4-halogenated anilines by cationic surfactants

(DTAB, TTAB, and CTAB) at 302K

Surfact Parameters — - Solutes. - -
) aniline 4-F-anil. | 4-Cl-anil. | 4-Br—anil. | 4-I-anil

K, 15.16 20.24 66.94 105.8 133.0

DTAR A G°(k]/mol) -16.92 -17.65 -20.65 -21.80 -22.37
A H°(k]/mol) -13.02 -13.97 -17.17 —-17.45 -19.30

A S°(J/mol-K) 12.92 12.18 11.53 10.40 10.15

K, 16.96 28.85 95.89 158.4 226.2

TTAB A G°(k]/mol) -17.20 -18.54 -21.55 -22.81 -23.71
A H°(k]/mol) -12.77 -12.64 -17.15 -18.79 -20.19

A S°(J/mol-K) 14.68 19.52 14.56 13.32 11.64

K, 18.89 41.60 138.18 237.6 390.7

CTAB A G°(k]/mol) -17.47 -19.46 -22.47 —-23.83 -25.08
A H°(k]/mol) -12.51 -11.49 -17.18 -19.74 -21.11
AS°(J/mol-K) 16.42 26.37 17.51 13.55 13.14

ohdd fEAY HgstelN FEA AH

of
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A 25714015 RSAARS O, o] uf =4
K3E5 Table 4o WetHigleh o=t A,
o] HeteRy ddet o= gEd ASIAL
1 AIE Table 40 37 Hetfigict. 7]
Ho] ARG GANA 25719 DolE F7t
S8 283 gRAANW)] HAES 3
= K2 S S7I6. ofdd A9l
7HEste] ek AGOREE BT 5o goRA A
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QejAe], mele] WshUEE &8 A =Hrt
webd obdd fmAlet nl Aol Ady
JEAGWY ohlet FUAA FEAEE F7b

ste] 71837} B8 @ ol2olx|A] At

-16

-18

-20

-22

AGP (kJ/mol)

-24
—@— aniline

—— 4-fluoroaniline

—4&— 4-chloroaniline
—W¥— 4-bromoaniline
—O— 4-iodoaniline

-26

-28 + T T T 1
12 13 14 15 16
Carbon Number at Alkyl Group of Surfactants

Fig. 4. Plots of the AG° values against the
carbon number in the alkyl group of
surfactant for the solubilizations of the
halogenated  anilines by  cationic
surfactants at 302K: (@) aniline; ()
4—fluoroaniline; (&) 4—chloroaniline,
(¥) 4-bromoaniline, (O) 4-iodo—
aniline.

SFH Table 4of o5tH AHFI A2
BT 24 A9 WAl AA4E ghs
L AFe Bt oRe wAgel 2 gaa
Q1S M ol AUSE Agvant 37}
St dEREE Fastn 9 vehd,
wetd 18t o] MAgo] A1 BI4e] 2 @
FAANGNE A obdd KEASS nlAdvtel
a4 geAgET JANE Huage o
A uAe] B £OR g gatun, WA
o] 2 BIAol AL ANE A4 ohdd &
SASe nane FA1H YuAgEe o5
4 Qo] date] WYl FAY Zoz stge
92 oF % Stk Eg Table dof Johy Awet
AN £5719] Folg FNBLT AR
obaY fEAY FRl wet vasH F715HA
ol Fasie AFE HEow, AL

£ gEAld Fkshe AL By ol
Woke ARANA &40 Lolg Zrta

Fol&d AMGYADTAB, TTAB & CTAB)I 93 4-T=23} obdile] 7Hg8fe] figt a3 7

= oldel fEAS nlAele] FH7H AT
Fgmet opet 254 Auakgol B0 27t
sk 9lgg Uehdith 1 Aw, oldd SEAS
o 74831 B¢ @ol olRolxA Hel Eg 1
S Jhgste 9AE mAe] BW ZelN F
47 Zo2 FAHOR s Hrt.

-16

AGP (kJ/mol)

-26 L ; . . .
40 60 80 100 120
Radius of Halogen Substituent (pm)

Fig. 5. Plots of the AG° values against the
radius of halogen substituent for the
solubilizations of the halogenated
anilines by the cationic surfactants
(DTAB, TTAB, and CTAB) at 302K:
(@) DTAB; (W) TTAB; (A) CTAB.

4. 2 B

Fol/d AAEGA] GHANA 4-F=7A3} of
g9 7t (R)a2 258 2945 &
astglon, ARG L] dolg s 5
7Vot= o2 Hoh ol K gre] WHIl=EE
T AGHT AHFS & A HollA
HE 29 3 I8 ASHE BE g9 @&
S yetiigich. webA 4-S=2 A4S} ofddel s}
B3k dgule JERHIE Al Z]ojdtes
A ZpTEdoes dojufal glow, Lo F7te|
me} Qg o] 7ok FAsta JEZ S| 7]
A+ F7letdh. 7Hgetel ot AAE
ASogrell tiste] EASHS o BE ofdd
LA A S olFoen, IR ERE
g SR 2hE LF 303K A9 d2s

o
olt
<l

T4
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