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Fig. 1 Scheme of second harmonic generation at the
liquid/liquid interface

NI | -El ectronic Library Service



The Japan Society for Analytical

Chemi stry

458 BUNSEKI

Nd:YAG Laser OPG M
Digital
Oscilloscope ARM
. o E?
i Pl \ H P F
M - i B
T N4 Zﬁh?%

M: Aluminum Mirror, F: Fresnel Rhomb, P: Polarizer
F1: Long Pass Filter, F2: Short Pass Filter, L: Lens,
BS: Beam Splitter, PMT: Photomultiplier Tube,

ARM: Automatically Rotable Mirror M: Monochiomator

Fig. 2 Experimental setup for SHG spectroscopy at
the heptane/water interface
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Fig. 3 Dependence of the SH intensity on the inci-
dent angle

Fundamental light (1064 nm) and SH light (532 nm)
are s-polarized and p-polarized, respectively. Closed
circles are the experimental data and the solid curve is
the theoretical one which is calculated by using a com-
bination of Fresnel coefficients proposed by
Marowsky”)%).
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Fig. 4 Absorption spectrum of RB dip film on a

quartz substrate and its dielectric constant calculated
by Kramers-Kronig analysis

Chemical structure of RB is shown in inset.
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Fig. 5 (a) Absorption spectra of RB aqueous solu-
tions. (b) Absorption spectra of monomeric (solid

line) and dimeric (dashed line) forms of RB in the
aqueous solution
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Fig. 6 (a) ZR"9. RBAKEBEDOEE ([RB]) IX 1.0 X
1007 ~1.0xX10°MO#BEATH Y, TTHRBIEHE
BXBWTH—-OY -7 2Bl S N7z, 85172 SHG A
R MVER(5), (6) ZAVTHEITL, ¥—270BK
YELZOEETO SHLHREOTEHR ((I20) %
[RB] it LCT7u v F LD Fig. 6 (b) TH5.
\/Iﬁai)j 3 RB WA= & HBIBAIRICH D, Langmuir B
#IRET H L, JIQ2w) 1 [RB] (23 LT T O BBRA K
0 iLo,

_ Kuas /T (20) [RB]
m - 1 + Kads[RB] ( 7 )
ZZT, Kuw VInw(@0) 1ZENENGAEVHER, f

FRERO SH GMETH S, R(7) 2HOWABIFICE
T, [RB]2PPBIZ1.0X10°M CHAIEEEL 2L &
D357z,

SHG A7 MViE, ¥—27 omKERISKRBERRTO

Table 1 Molar fraction of RB making up the sandwich dimmer in bulk aqueous solution

[RB]/M 1.0x107°
Molar fraction® 0.03

1.0x10°*
0.19 0.45 0.56

50%x107* 1.0x107°

a) Molar fraction: [dimmer]/[monomer]
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Fig. 6 (a) Normalized SHG spectra of RB at the
water/heptane interface for 1.0 X 1077M, 1.0 X 1077 M,
and 1.0 X 10" M of RB concentrations in the bulk
water phase ([RB]). (b) Peak maxima (Ama) and
those intensities at the various RB concentrations
([RB])

The solid line is the theoretical fit with eq. (7).

RB HLE RO WU K P R A2 T X 2 20 nm PLERYE
EAcH Y, ZHITRMICE VT RB A inplane B EF
B L TW5Z & ERT. inplane BIEEHRDXEE n,
B g, T RIHEE y, BERMTE— AL |ul® EBK
BEOY 7 MEAE OBRIEN(8) TRENSE™ (Fig.
7).

AE:LI(H)'#: (1—3c052¢) (8)
n r

Fig. 6 (b) I3 &80, RBMERDH AL LI
SHG AXZ PVTHHEENZ Y -2 OB RKEEFREEE
YZ7PLTWVA, TDXHZ, ANTFV/KRRHIZBWT
EREROBKICHES T, A8, &4, 5TFHEED W
TP ENT S E THRERFIRER 7 FL2EE
ZHN 5. Fig. 6 (b) (RTRAEFRMD S RB FHIRE
A10X10°M DL & RBOFHEWEEEH 1.0 LEH S
oo FZT, BEFE 1.0 DT TO inplane B G HORA
% SHG O ASHECRMFEREIC L D HEE L, BEREK
I -2 REDL Y Y7 MZOWTHRE L7,

SHG D ASHE KGN, 2hFNho RBIBREET

Wi, WM, 7%, B8, S . RES - ERERESLEL AW RAEAE T -5 3 ¥ B O IREHRNT 461

monomer .
dimer
0° 90°
¢

Fig. 7 (a) Scheme of in-plane associate of RB at an
interface, and (b) energy diagram of in-plane dimmer

SH intensity / a.u.
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Fig. 8 Input polarization dependence of the (a) p-
polarized and (b) s-polarized SH light from RB at the
heptane/water interface: [RB]=1.0 X 107" M (open
circles), 2.0 X 107" M (open squares), 1.0 X 107* M
(closed circles)

Each polarization curve was normalized to a maximum
SH intensity obtained from theoretical fitting of the
SH responses. The input polarization angle is
defined as 0° for p-polarized fundamental light and
90° for s-polarized fundamental light. The solid lines
are the theoretical fits with eq. (2) or eq. (3).

BOSNZ SHG A7 MIVOBKEREZ AGHEEE LCHl
EHxAT- 72, Fig. 8%, WMBE (1.0x107"M, 2.0 X
100"M, 1.0X10°M) @ RBKERZHWBORAER
BTHY, REFEERIZZNLZN 032, 050, 1.01Z0IE
4. SHG O ASHE KGR IR EHERIC» 2D 5T
ZIZT-EOEHTH Y, FREEERL 0.32~1.0 DEPHIZ
BWTRBOSTERAEFFIF-ETHE I EHTHho
7=, EIZ, ABRGEFEEOHERREER(2), (3) %
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Fig. 9 SHG spectra of RB at the TMS-modified-
quartz/water interfaces: contact angles of TMS-modi-
fied-quartz surface are (a) 6 = 78° and (b) 6 = 51°

The concentrations of RB in the bulk aqueous phase
are (al) 5.0 X 107"M, (a2) 1.0X 107 ° M, (a3) 1.0 X
107" M, and (a4) 1.0 X 10 *M. The concentrations
of RB in the bulk aqueous phase are (bl) 5.0 X
10°°M, (b2) 1.0X 10 ° M, (b3) 1.0 X 10" * M, (b4)
50%107*M, (b5) 1.0 X 10 > M

HWTHFMBEZFREEZERL, Fig. 7 () TRTF
i (¢p) OREEITo/. FREERZFEHOBHICBWT
WERBOFEREZPEIZL VRO ZLEND B5, W/
RICBVWTRNETHL., 22C, B/fARETHESNL
WAEROFEE (Fig. 4 AV, I TRIEMRICIER
BRZFRHOBEHN LT, K(9) ZHWTRALIHE
L7,

Xzzz
B X + 2 e + 2 Y

cos?(90—¢) =
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Fig. 10 Oblique angles of in-plane associates formed
at the TMS-modified-quartz/water interface for various
concentrations of RB in the bulk water phase ([RB])

The contact angle of the TMS-modified-quartz surface
is 78°. The oblique angle defined in Fig. 7 (a) was
estimated by an analysis of input polarization depen-
dence of SHG using eq. (5) and (6).

FHELZAAIEHBERICBVTB L2200 THY, *
H T VBRPBITPATRERATRBARE L TWEI L
AR S N7z, Fig. 7138 T £ 912, inplane oA
54.7° LUF THRIUB R RO KRR R Y 7 + 2 BEmmIC 7
sh, BEHish#AaofEy, BERY 7 M &5[&kRST
in-plane HWEEhopaL LTHELRELESZ 5. BT,
MAVPREABRERICL ST —ETho MRS S, FHE
BEROBAICLS SHG ARYZ MVOBKEREY 7 M,
SEB oMM E 5T HFEEORDIERNT % Z & AR S
nr.

6 TMSEiASE /KM BIT 556K

RIZ, BEERERE LTHREZ Y, BOKETVEFILY S
VHITHBF)AFALIOTOYT L (TMS) THREBH
L72A3%/KREICHEE L7 RB ORI >V THE
L7z, TMSBHiIIDTOL )Tz, AET) X2 %
KWL L7k, TMSD K4 bV U (40 ml
TMS in 400 ml b VT ) T 16 BEERH L2, ART
VA LREIC TMS 258 L7 %, WEREET T TMS 2

B 212 L ) HBET 2 2 & T TS ISR & B
L, Beflffle c X o saiReE & 554l U722 Befdm il e
(X, TMS B EER LISKHEAH T L, MNEKTT
177,

TMS B2 Rk d KEWHA (HEif 0=178)
SHG A7 P V% Fig. 9 (a) 12, ASHRIGEAEIEIZ Y
#E S NARIAA % Fig. 101IRT. NT ¥ v /KA H L
FERZ, WEFho SHG A7 P VIZBWTHKBHEPTT
O RB HEARORIMB KR L Y I RERMICH—~D Y —
IWHEEL TSI ENS, RBIEIANT T /KR EFH
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Fig. 11 SHG spectra depend on the contact angle of
TMS-modified quartz surface: 8 = 78° (closed cir-
cles), 8 = 73° (open circles), and 8 = 51° (open trian-
gles)

The concentration of RB in bulk aqueous phase is
10X 10 °M

K7z in-plane B A RO AR S iz, BIZ SHG X
RZ PVTIR RBBFRICHRTHE— 7 EEOAL &
BICHREFEOEREY 7 MBI s T, #HeS
N7RHEAT s v /KRB ERBTHY, BERLE—
7 OBARERICEOFTIEFIF—ETHolz. IO DFRRD
5, WEROBKIIHN S KEROBIN L 5+ HEEREO R
AR ENT, TDOLHIZ, TMSEBHEIN KD KE WY
ACRE TR TS RB EGEMEEX, ~7 5 ¥/ KEHE
CIRITRBETH L EDPHL N E R 7.

KIZ, TMS BB R d PR WGE (FEf e = 51°)
@ SHG A7 MV RB HRRERFEZ Fig. 9 (b) 12
RY. AEBEE 5.0X10°°M) 5 0OWAE TiL 564 nm
MEIBKERT B AT PVDBELN. ZOBRER
X, 2NV 7 KEHETIZB T B RB EEAROYIUER KK R
(557 nm) WXL THETREEY 7 ML TW5EDS, K&
AR I BT 5 RBEBAKOBRIERE (563 nm:
poly(methacrylic acid)®, 562nm: 7t - kX
I LTWD, TMS CTHURABLEE L 7- 438 & KO FE
FSL 7 RIS TR TH 0 Y7, HEEEI D
W TEI SR ARER (564 nm) 13 TMS f13% /KRR
WIZBIF2% RBERFICHE T EZ26N5E. —,
SHG A7 bV RB R EEAKAFYETIE, RBEHERE
DERICE D AR PVEBEDOHREE—JHEREOT T T
ABP S h7z. RBIEWIEEA1.0x10*M £ Ti&, RB
BHERED LRI TARY MVBRESERTL L LD
12, REW%SE RBEBAKOBRERICESRTREEM
(578 nm) WXH R =7 HFREL TS, RERMOY
— 7%, FiR® in-plane TAEMICHEL, BERDOW

K& & %I in-plane R SERDPFREICB W TELNICE

FRIHE FMB TN D RERAT T — 5 I ¥ B OXEIREMHT 463

WLTWwAIEPRENS., —F, RBIBEEED 1.0X
107*M BLEOBBERBRTRTIX, 580 nm ¥ — 27124 LT
565 nm & 515 nm D -2 DY — 7 BHEEF L o TL 5.

IhH 0D Y— 7 O KR Fig. 5 (b) T/RY sand-
wich I ZBAEOWIUBRER EMIEL, REICZBITS
sandwich B ZBAICHRT L E 20N, ESEEBE”»
5 O3 Tl sandwich Bl EEAMELN ISR EICHFAEL
TWBIENEEINS. 20X 512, TMS BRI KN
¥4, in-plane B &4k L sandwich B “EBARDHAE L,
FNOOHEHEEEI REBBRIBEIZL > TELT LI L
SHG AXZ PV SBLMNE R 72, 4B, sandwich #
TERMICHET S 515 nm T O ¥ — 7 X, KEHHTD
125 % sandwich B “EAROFELEIL (Table 1) MW
BA B S NY (Fig. 9, bl, b2), FFIELA 0.2 B
bBE %z REBERETHEL R, F1ELI 056 Th
5 [RB]=1.0X10°MIZBWT, 515 nm EfEOY — 7 i
EARDRKE LB SN (Fig. 9, b3~b5). ZhHD
HEEAS, BREICBWTE XN 5 sandwich B Z 2 RH%
KBHE T T L 72 sandwich B B ARDONF IZERK T 5
LEZLNS.

TMS iV EE, TMS SFEL TR VnAER
H~DRBDOWENEZOND., L LENDL, TMS %
Bl LTV WaEE L KOFHTHE S i SHG AT
MVBREE IS TH Y, Fig. 9 TR SHG A7 IV,
HEFERO TMS 12 L2 RBICHET %5 L L.

Fig. 11 1%, sandwich BSEEKP R HEEICHNINS
BERE (1.0x10 °M) TBHI L7 SHG AXZ b VD
TMS B BERIEGEETH S, EHEFR T, sandwich B
BAROEHEZRT 515 nm EEO ¥ — 2 L 565 nm LD
¥— 7 A TH D, BREEOHMKI - TH Y — 7 3
AL, 580 nm ERFIC in-plane REERERERTE—2
DEF D, DLEOERE,S, FRINS TMS BHiA
P/ KREICHBT 5 RB X EWEDO A ¥ — A% Fig. 1212
R

RAFBOBAES L EZ ONBEAT Y /KR H
T, RB i in-plane HOEKGHETH-72. TN, RB
DXFHVF VBRIZHHLIIFNT I/ AEEFHIIBIT AN
Ty FE OBKEMHELERIC X - T RB 4R HE
PREENL72HTHH'Y. BKK LR TMS 254 FEREIZ
FRCHEIET BHE D, FRRICBUKEMHEER I X > To
TFEEPEDSHE B 7212, RB I inplane IS A& L &
LrEZHND. TMS DAFEREIIBT 2 ME LHEE
A 1nm® %4720 2~3 5 TREYTHEILEEXD
&, RBWBAETICIE 2~3 5 FHRED TMS AMFHET b &
FHEENE. RBOFHFIVFUVRICHD 4DV ZF VT
I EDPEHO TMS EMEEAT A LT, BAERBD
STRAESRES NS 2O, RETHTENEDES -

NI | -El ectronic Library Service
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{A) in-plane associates at closely
packed TMS monolayer

KAGAKU
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(B) sandwich dimer at isolated TMS and in-plane
associates at domain with relatively high TMS density

Fig. 12 Possible schemes of the RB associates at the TMS modified-silica/water interfaces

7z in-plane G E 225, —F, TMS D5k /N
S %BE TMSAEWXHICHEAEL, TMSI fEICH LTk
#L7-RBOGTFEIMEH2EEAHENELS. 20
72912, KRBWHICHFALET 5 sandwich B BRI 1T
BELEZOLND.

7 %t ®

ARTRA L2 &I, W/ R O/ AR E T,
PNV EWH E R B RERITERT 5 2 L 98 SHG AR
7 PVHIEICE o THO N E R o2, F72, B/BFET
ZEARRIAOREIZL > THTFORANRENIKELRLRD
CEVG o, TOX ), BEARRETOREEYEST
JROMEEIZB VT, REOREIS U2WE ST D5 FhE
M, T2 RELZERBICANG LRI ZTNG.

& /A C OB LB 0 F MG 5L IS B 3 A 981, &
Y —=RHT AN F -, UG % EWRL VR Tl
KHLIRPITONTVEY, GTHECEAEEL VS
TG FLXNVTOBEICELTEWE WL ER>TY
HWHERS W, RERTHALZ L9, Ealkot
FBIIFMBIRIC B 2 8AB SO ERWEEE, 7T 26
LA TR L Vo Z2EEETRETH b, RiEWEs
T OREMHTFLEE LTSBELZI0EPHRESNS.

RO &1L, CHPEEHEHEME [HBFE (A
(2) 1 (11304054), [#efEEF%E (B) | (13129201), B L
[HSRBIREMIIGE] Ik 2L, SZIHEREL
9.
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Analysis of Associated Structures of Rhodamine B Adsorbed at
Interfaces by Second Harmonic Generation Spectroscopy
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We have developed an apparatus for the measurement of second harmonic generation (SHG)
spectra that provide direct evidence on the electronic structures of interfacial species. By apply-
ing the measurement apparatus, we have studied molecular association of rhodamine B (RB) at
a heptane/water interface and trimethylchlorosilane (TMS) modified-quartz/water interfaces
with a different coverage. The observed SHG spectra at the heptane/water interface showed
red-shift of the peak maxima compared to the absorption maximum of monomeric RB in the
bulk aqueous phase, and these spectra indicated predominant formation of in-plane associates in
which the electronic transition dipoles of each monomer were arranged parallel to one another.
At the TMS-modified-quartz/water interface, spectral shape of SHG spectra was almost same with
that found in the heptane/water interface when the surface density of TMS was high. In con-
trast, with decreasing the surface density of TMS, the red-shifted peak due to the in-plane associ-
ates become weaker, and other peaks due to a sandwich dimmer appeared. We confirmed that
the association form of RB depended on the surface density of TMS.

Keywords : second harmonic generation ; interface ; molecular association ; rhodamine dye.
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