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Estimation of Intra-micellar Structure of Non-ionic Surfactant Micelles

by Thermodynamic Measurements
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Interaction of 1,10-pehanthroline (phen) and metal (II) thiocyanato complexes with nonionic
micelles of poly (ethylene oxide) (PEO) type surfactant, Triton X, with varying its chain length
has been investigated by potentiometric, spectrophotometric, and calorimetric titration at 298
K. Data are well explained in terms of the association model in which the species accommodated
in Triton X micelles are expressed as an adduct with a surfactant molecule, as well as the
phase distribution model in which the micelles provide microscopic non-aqueous phase. The
distribution constant, transfer enthalpy and entropy from aqueous to micellar phase significantly
depend on the PEO chain length of the surfactant. This suggests the intramicellar heterogeneous
structure consists of PEO and hydrophobic region of the surfactant. The intrinsic thermodynamic
parameters of transfer and/or the complex formation in each region have been determined.
These values indicate the hydrogen-bonding network weekly remains in PEO phase of the micelles
while the core phase resembles non-aqueous solvent.
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Triton X-100 (n* =9.5), X-305 (n* =30), X-405 (n* =40)

<\_/Q\_/> \QN/E \EN Q/

1,10-phenanthroline and 2,9-dimethyl-1,10-phenanthroline

Scheme 1 Molecular structure of Triton X series
surfactants, 1,10-phenanthroline (phen), and
2,9-dimethyl-1,10-phenanthroline (dmphen).
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Table 1 Apparent protonation constant of 1,10-phenanthroline (phen) in Triton X-100 solution.

Case A Case B
Cs/ mol dm-3 2 P E— N ¢
log Kiapp R® log Kiapp log K2.app R?®
0 493 (2)4¢ 3.54 4.959 (4) 1.79 (3) 0.65 85
0.01 4.77 (2) 4.87 4.783 (3) 1.59 (3) 1.01 146
0.025 4.71 (2) 3.52 4.720 (3) 1.46 (3) 0.79 103
0.05 4.59 (1) 2.82 4.595 (7) 1.4 (1) 1.49 119
0.075 4.444 (6) 1.85 4.446 (5) 0.9 (1) 1.40 133
0.1 4.357 (5) 1.65 4.356 (5) 0.8 (3) 1.53 175
2 The concentration of Triton X-100, ® Hamilton R factor (%), ¢ the number of data points,
d values in parentheses refer to three standard deviations (30) of the last digit.
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and 2,9-dimethyl-1,10-phenanthroline (closed
square) plotted against Cs, the total concentration
of Triton X-100.

Table 2 List of Ky and thermodynamic parameters of
transfer of 1,10-pehanthroline from aqueous
to micellar phase.

Triton X-100 Triton X-305 Triton X-405

n* 9.5 30 40
log Km 1.53 (1) 1.81 (1) 1.89 (1)
AHw® —3.6 (4)? —2.8 (3) =3 ()
ASwv® 17 25 27

a values in parentheses refer to three standard deviations
(30) of the last digit.

Z LIZHEH SN2 Ky OB LR e BB T 13 Rk $
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Fig.2 Calorimetric titration curve for 1,10-

phenanthroline in aqueous Triton X-100 solutions
of 0.025~0.075 mol dm —3.
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Fig.3 Apparent molar volume of Triton X-100, X-305,
and X-405 in an aqueous solution containing 0.4

mol dm —3 NaClOy4 as an ionic medium at 298 K.
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Fig.4 The Ky, formation constant for S+ phen—[S -

phen] (S =surfactant) based on an association
model (see text), plotted against PEO chain length.
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Fig.5 The DuAHN" plotted against PEO chain length,
where AHy® is the formation enthalpy for S+
phen—[S - phen] based on an association model

(see text).
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Table 3 Distribution constant D and thermodynamic
parameters of transfer, AH® and AS° from

aqueous phase to PEO and core phase of

micelles.
water - PEO  water —-core = PEO — core
D 40.1 97.3 2.43
AG® 2 —-9.1 —11.3 —2.2
AH® —-2.0 —4.8 —-2.8
AS° b 24 22 -2

2 obtained by AG°=—R T In D,
b obtained by AS° =R InD +AH"/T at 298 K
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STWEEDTHE, FAY T U4+ (SCN-) %8
T Co2 +/KIEHEIC Triton X-100 Z MR TR B D &, ¥
WM > 7 P SEnFIZZ LT 5, 202 kid, 3
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Fig.6 The respective electronic spectra of cobalt (II)
thiocyanato complexes, [Co(NCS),]@-m+ in
micellar solutions of Triton X-100. The extinction
coefficients for n =0, 1, 2 refer to the left scale

and that for n =4 refers to the right scale.
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1%, [Co(NCS)12-DERE, DK I L h~DAT
EECE T, BIE TRz EBY), Triton X I EILOH
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Fig.7 Variation of the formation constant for
[Co(NCS)2]+2SCN-+S —[S - Co(NCS)s]>2~ (S=

surfactant) as a function of the PEO chain length.

Kop = [Co(NCS)4?Jeore/[CO(NCS)2]ag[ SCN ~Jog?  (17)

Kpeo = [Co(NCS)42~1peo/[CO(NCS)2]ag[ SCN ~Jag? (18)
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HBHIEERY, FigTIIRT LB, T n* |20
LTl e 22 5720T, ZOMHE LY D5 Keore & Kpro &
g L7z, F72, WEATY A MN)—I12XkoT, K4DH
HHZBIFA[S - Co(NCS) ]2~ DERLY # )V E— - =2 b

OV —PETE LD, TNHOfEZ Table 4 18T, 155

NN, s e MR 2 &6t 52,
ZNSOPEOME I THICBIT B ZEIZEMAD I BIVNERIC
B AHEBITENEER TH D, BITFTAL AL F—
I2& A&, PEOME I T7THICBI HIEEAIIZEAER L,
& LA phen 1322 7H & ) PEOMZIFE 2 &A%
bo LLGDLRETIYZIVE— - BfFTZ Y oY —Id
KECEAL-TBY, a7HTLYREANTD D,
[Co(NCS)4]2-DSCN ~(F&EFHF-TRAL L TH Y, 20 Bk
M7 5T d B AEe 2 M AT T b, 2D 728 phen D
B R0, aTHICES ICERERATALILENTE

b, WIETIER72E B, PEOMTIIARG T &tk kS
A T = DFGEL TV AH T2, [Co(NCS)4]2 $5kD
DT HNDOBATICIAREREOIEEE ) o D20,
I VHOMBBEIZEOTZ Y S LY — - h OV —%E
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Table 4 Stepwise formation constant K and
thermodynamic parameters, AG° , AH° and
AS° of the reaction for [Co(NCS),]+2SCN -
+S —[S - Co(NCS)4]?2~ (S =surfactant), at PEO

and core phase of the micelles.

PEO core PEO —core
log K 2.80 2.69 Kpeo/Keore =—0.11
AG® » —16 —15 AAG® =1
AH® —15 —170 AAH® =—55
AS° P 3 —183 AAS° =—186

a obtained by AG°=—R T'In K,
b obtained by AS° =(AH°—AG°)/T at 298 K

/ kJ mol -3

AH,pp"

0 5 10 15 0 5 10 15
Csen / Cwm Csen / Cwum

Fig.8 Typical calorimetric titration curves for (a) and
(b): Zn(II)-SCN -, and (c) and (d): Cd(II)-SCN -
systems in aqueous solution. The solutions (b)

and (d) contain Triton X-100 of 0.1 mol dm 3.

fLERL7IzEEZ NS,

4.2 EEIR, HRITL

HFERRLH NI 202l A 4 > OETEEIZIORDT,
ZOMIIMETH D, L7z > T, EWIHNTPHE 255
DIZFNNEEE VS Z ERTERY (FRENT%EH
WILUSHITH D205 TD LI HRICBNT, HEAHEY A
M = EER S AR T Y YN E—RPJET H T LD
TELHMEFETH 5,

Fig.8 12, Zn2+HB X U Cd2+DKIFEHIZB W TSCN - %
WELZHEEN T ) A M) =2 /R L TWb, FHIZZn2+
B B\T, Triton X-100 2Nz 72 & EICH S I2Z5H)
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BRI X B IR A A AEFUETG A 3 2V INTROREIE DHEE

HEL 5 TWD, EME, RIS s e s
LOHERT Y VE =D L5 LM cdh ), S
flEz L<HBELTWS, 0L E, Zn2+IZDWTIESCN -
ORfiHn=1, 3, ILVPT3, 4, CA2+IZDOWTIdAKHT
Tn=1,2, 3EVHPTn=3DMDERZMEL .
[Zn(NCS)4]2 13, [Co(NCS)412- &Ik, BRI T %41
Ry TRCE LT A 208K 28k CHh b, L72ho
T, Triton X-100 % & EVARHIC BV TZn2 +IZSCN -2 &
S TRIFRIIC I VAl Sz, $72, TD720I1%E
WA D L, MRS KE (R R o7z, &b,
[Zn(NCS) 2B CBI S v old, EAAHF S
NTLE) DIn=1, 3IZHRTRERTCHIcLE
THWEDTHD, —J, CA2HIZHLTIE, IufT
n=3$EEDER LT B b OOARERD SEHE SN2
JBATFISN SV Z D 72OV E BRI & Triton
X-100 FCBL Wz LT B D, dOBRA + VIE R
F— A AT C 4 T RTUECA, 2 0 s Zn2+ b IV
TATHAREER [Zn(NCS)a2-ZTER L TWb, L LGS
5, CA2+Tldn=3 LPHERL TV, Cd2+idf 4 4
TEHBREL, WbWb “soft acid” Thh, TDI2&H KT
— VAR A B n =4 $5RT—HBD SCN ~ 13 THC
MLLTBY, [CAINCS)(SCN),12- DRI TH 5,22
[Co(NCS)4]2-, [Zn(NCS)4]2- & 57 1) #HMADOF MK
BRERFTIEHET 5720, IVNVHFTEERTE R k>
72DTHSH),

ZOEHIT, IEVHICBIT BEEREEARERSL LW
)&k, SRR ASTTRETH B L EIRT, SCN-D XL
I RT3 S 7 B B R T A VT, el
BFEOZN2+E CA B EET A ENTE D L IZ B
Vo T/, FLEIEBEETH-TD, 4EMERIZBY
T AR Z R L9\ Co2 + 0 Zn2 + 12k L, Pl
FERZ B LR VNi2HE, SCN-I2X - T 3 L2t
ENBRNWTERTHNo T2

5.8bHWIC

FEA & 2 PEFIE AR Triton X 12X 5 I LIVOWNHEDS,
KFEEE S Y b7 — 7 fEEEFE L72PEO M & X D Bk
IAT7HNIGHEL TV A2 &%, STO50, SEROmED
5RL, PIEBOMEEIZOWTHS ML, SDX I,
IRV B AL ICER T 5 2 L2k o T3
VIO & HEE T B L, FA OFETIZBIT 5
(Ll A D 2 & CHEROBIERE X S 2 LT E
7o hEEERICFE L TH S,

IRVHME LTREED 251, I8V X A{LEED
T E OB R Z 2 U v, S CTHEE %
5> TL 2O LFA O TR CThH S, ThbhH, Al
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FRIZE N Lo 7205, A 4 VPR I IV~ O
&, 3 ORHRIREICKEKMKFTH2THHH o FE
B, x$ A4 & ¥ OFEFIC & o TlE, Bz €7V TS
W2z b Ho72.20 —F, A& Y EOFIHIGHER S EH
FTRETH Do A+ VSR & AL & OB EH
TR AV & BUKMARBAERN M 5, Fald,
A % TR 5 [ P AN | R B 7 { el 3 Y
Lo THA AV TEDNTWL EEZ, 44 U IRETIV
VT, BN vV & FOERA O AR E O EER
FEBTEALZEZYSNIILT WD, T/, WA ZER
72 R BIRIE W, HRAEATIZB T “water pool” %
TERE 20 3 v TR - AT LFRICEETH 5,29
F72, BREDORNS 5 DEHETH B A F ViEHRIZB W
TH I VIR ERDRENTEY,20 1+ % FEA
F UV EHAEDEDL I LI L o TH R RIEES
T RAVE A S NAFREEZ D TV 5,
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