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It is known that some divalent metal ions, such as Pb(ll),
Cd(ll), and zZn(ll), assist condensation of amphiphilic fatty acid
at the air/water interface with no surface presséi@nd that 5650 L Saag
they assist the fatty acid monolayer self-assembly into two- E/ eV
dimensional crystalline structurésThe condensation effect is
not simply due to the electric charge on the ion, because alkaline
earth metal ions do not assist in condensatiodBelf-assembly stearic acid on the surface: Zn(ll) concentrations 1.0-° mol dnT3:

of the crystalline structure must therefqre be driven ,by the solution temperature, ca. @. The spectrum for Zn(Il) hexahydrate
covalent character of the bond connecting the metal ion and y the transmission method is included (thin solid line); concentration,

carboxylic group. _ _ 0.1 mol dnT3; solution temperature, ca. 2C.

The crystalline structures have been intensively analyzed by
the grazing incidence X-ray diffraction meth&d? It has
disclosed very clearly a two-dimensional lattice arrangement
in the tail part of the amphiphiles and their tilt angles with
respect to the interface. A Langmuir monolayer has also been
studied by vibrational spectroscopic methéts* However,
the role of metal ions in self-assembly and its mechanism are
largely unknown. There has been reported an extended X-ray
absorption fine structure (EXAFS) experiment of a Langmuir
monolayer by Bloch and co-workers, who utilized the fluores-
cence detection method with total-reflection incidetic® They
detect a Mr-Mn interaction under the stearate monolayer only
when the monolayer is compressed. No other change in the
coordination and/or solvation structure of the Mn(ll) ion that
might be caused by the formation of a Langmuir monolayer
could be found.

The present paper reports, for the first time, results from total-
reflection XAFS, that the coordination structure of Zn(Il) ion
beneath the fatty acid monolayer is different from that in the
bulk solution.

The technique, total-reflection total-conversiontHen-yield
XAFS (TRTCY-XAFS), has been reported in detail elsewhére.

Figure 1. XANES spectra for Zn stearate Langmuir monolayer by
TRTCY-XAFS method, at different standing times after the spread of

Surface sensitivity was gained by introducing the X-ray beam
to the liquid surface at 1 mrad, less than the critical angle for
total-reflection. The surface sensitivity was experimentally
evaluated to be 8.8 nif,about twice the penetration depth
theoretically expected for the evanescent waife The Lang-
muir trough was cooled to around’G to reduce the evaporation

of water and placed under helium gas. Chloroform was used
to spread stearic acid. During the absorption experiments no
surface pressure was applied.

The surfaces of Zn@laqueous solutions with and without
nionic surfactants were studied. It was found that 0.1 moffdm
Zn(ll) solution without surfactant gave the same XAFS spectrum
as that of ZA"™ in the bulk, taken by the transmission method.
The same spectrum was also obtained from a dilute Zn(ll)
solution (5 x 1072 mol dm3) by segregating the ion at the
surface with the aid of 2 1072 mol dn72 sodium dodecyl-
sulfate. This means the coordination structures of Zn(ll) at the
air/solution interface for both cases are octahedral with six water
molecules in the first solvation sphéef&0

However, when Zn(ll) ion is segregated at the surface by
stearic acid, its XANES spectrum is quite different. Its white

(1) Yazdanian, M.; Yu, H.; Zografi, GLangmuir 199Q 6, 1093. line shown in Figure 1 is smaller in intensity than that of Zn-
gg ?e“Ckev A; H[l)hm\e,\;fu”ss,s Hg hllr_‘ So!hd F”Fm%%‘tl 2ﬁ5M74-K, K (I1) hexahydrate. The hexahydrate displays a strong white line
acquemain, D.; oI, 5. G.; Levelller, .; beutsch, M.] Kjaer, K.; H H
Als-Nielsen, J.; Lahav, M.; Leiserowitz, lAngew. Chem., Int. Ed. Engl. and d'ﬁ?rs from the c_omplex Seen_ in the Zn stearate mono""?lyer'
1992 31, 130. The white line intensity for Zn(ll) is known to be related to its
L (é) LeVillele-,;\lB?lm, %LJvaue,mlagSADl.;OMswlvgld, H.; Leiserowitz, coordination numbet allowing us to estimate the coordination
., Kjaer, K.; Als-Nielsen, angmuir ) . :
(5) Kjaer, K.; Als-Nielsen, J.; Helm, C. A.; Tippman-Krayer, P; numper of _Zn(”) at the m°“°'ayef to be 4. I.t was qun.e a
Méhwald, H.J. Phys. Chem1989 93, 3200. surprise to find a spectral change with elapsed time as indicated

(6) Leveiller, F.; Jacquemain, D.; Lahav, M.; Leiserowitz, L.; Deutsch, in Figure 1. The white line has several components depending

M.; Kjaer, K.; Als-Nielsen, JSciencel99], 252 1532. i
(7) Gidalevitz, D.; Weissbuch, |.; Kjaer, K.; Als-Nielsen, J.; Leiserowitz, on the age of the Langmuir monolayer. After 12 h an

L. J.’Am. Chem. S0d.994 116 3271. equilibrium is reached. The increase in the white line intensity
(8% Shih,rll\/l. C.; Bohanon, T. M.; Mikrut, J. M.; Zschack, P.; Dutta, P.  corresponds to an increase in coordination number. EXAFS
J. Chem. Phys1992 96, 1556. i i indi iati
(9) Lin, B.; Bohanon, T. M.; Shih, M. C.; Dutta, Rangmuir1990Q 6, analy.SIS using our prograh also . Indlcates. a variation of
1665 coordination structure of the Zn ion with time. THheéy(k)
(10) Dutta, P.; Peng, J. B.; Lin, B.; Ketterson, J. B.; Prakash, M.; spectra given in Figure 2 demonstrate the structure change after
Georgopoulos, P.; Ehrlich, £hys. Re. Lett. 1987 58 2228. spreading stearic acid onto the solution surface. jkedata
1, L) Simon-Kutscher, J.; Gericke, A.;"Hoerfuss, HLangmuir1996 for the monolayer are composed of several components, which
(12) Kawai, T.; Umemura, J.; Takenaka,Ghem. Phys. Leti989 162, differ from that for Zn(ll) hexahydrat&® Their Fourier-
243,
(13) Blaudez, D.; Turlet, J.-M.; Dufourcq, J.; Bard, D.; Buffeteau, T.; (18) Daillant, J.; Bosio, L.; Benattar, J. J.; Blot, Cangmuir1991, 7,
Desbat, BJ. Chem. Soc., Faraday Trank996 92, 525. 611.
(14) Duffy, D. C.; Ward, R. N.; Davies, P. B. Am. Chem. S0d.994 (19) Mutoz-P&z, A.; Pappalardo, R. R.;"8ehez Marcos, EJ. Am.
116 1125. Chem. Soc1995 117, 11710.
(15) Bloch, J. M.; Yun, W. B.; Yang, X.; Ramanathan, M.; Montano, P. (20) Ohtaki, H.; Radnai, TChem. Re. 1993 93, 1157.
A.; Capasso, CPhys. Re. Lett. 1988 61, 2941. (21) Pan, H. K.; Knapp, G. S.; Cooper, S.Colloid Polym. Sci1984
(16) Bloch, J. M.; Eisenberger, Rucl. Instr. Method4.988 B31, 468. 262, 734.
(17) Watanabe, |.; Tanida, H.; Kawauchi, S.; Harada, M.; Nomura, M. (22) Sakane, H.; Miyanaga, T.; Watanabe, |.; Matsubayashi, N.; lkeda,
Rev. Sci. Instr.1997, 68, 3307. S.; Yokoyama, Y.Jpn. J. Appl. Phys1993 32, 4641.

S0002-7863(97)01458-3 CCC: $14.00 © 1997 American Chemical Society



Communications to the Editor J. Am. Chem. Soc., Vol. 119, No. 49, 192019

T T T T T T T T T LI T
[Zn(H20)617\ A
\/ ® —— 44 min.
44 min. [/\ /\ ,lf\“ A Ml L= I 155 min.
= .
N | = —-—== 247 min.
\/ \,L,\,f VU"' IV o I 745 min.
~ 185 minY = N =
N  ; ! . Wi
o |2aTmin g Y e - "
(O O A VY A WY B .ok S,
: T }
\\\ i \\\ /I \\\Jl 1\,Jk, |' I',\, \\ )
745 min" S ~ A ‘I'l‘ AN
SR A A FANE:Y 1 1
"\ i’ Y ot ‘\.»l‘. 7N 0 2 ]
i k= r/ A
| L Figure 3. Fourier-transformed spectra for Zn stearate Langmuir
5 . 4 10 monolayer by the TRTCY-XAFS method, at different standing times
kil A after the spread of stearic acid on the surface; Zn(ll) concentration, 1

Figure 2. The k3(K) spectra for Zn hexahydrate and Zn stearate x 102 mol dn3; solution temperature, ca.’@. The phase shift and
Langmuir monolayer. The conditions are the same as in Figure 1.  back-scattering amplitude values are corrected for oxygen.

transformed spectra are given in Figure 3. The FT spectra haveyt ap intervening carbon in the carboxylate. This peak shifted
a peak at around 2 A, which is attributed to a-Zn bond. to longer distances and became less intense with time. At last
Curve fitting analysis on this peak for the 44 min old layer ;; disappeared and a new component at around 3.2 A appeared.
resulted in a distance of 1.96 A, which is shorter than for the One of the candidates for this is a 28 (the center carbon in
hexahydrate of 2.08 A. The analyses on older layers indicate carboxylate) distance with an aligned structure of-Zn-C.

a gradual increase in the Z© distance corresponding, in (Both O and C are contained in the same carboxylate.)
ggreemgnt \(vith the change in white Iir)e intensity, to a change In conclusion, this study confirms that the Zn(ll) ion

in coordination number from 4 to 5, since the bond length is gegregated at a fatty acid Langmuir monolayer takes a tetraco-
known to increase with the coordination numBerAlthough ordinate structure at the beginning and later deforms very slowly
the cu.rve.flttlng analysis is a Iess.rellablie way to determlne the g a pentacoordinate structure. The process does not need an
coordination number, the analysis again predicts the INCreaseapplied surface pressure. Unless multiscattering calculations for
in coordination number with time. The XAFS spectra obtained petter models are available, it seems difficult to obtain further
by spreading stearic acid at 75 or 50% of a monolayer ogress on the structure analysis using the present TRTCY-
demonstrate similar features as those for the complete monolayei aAFs data.

surface.
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