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Ultrafast dynamics of hydrogen bond network terminated at the water surface revealed by
two-dimensional heterodyne-detected vibrational sum frequency generation
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Do hydrated electrons exist at the air/water interface?:
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Structure and Stability Studies of Mixed Monolayers of Saturated and

Unsaturated Phospholipids under Low-level Ozone
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1. Introduction

Cell membranes play crucial roles in the functionality of cells such as mass
transport, metabolism, information exchange, and energy conversion. The
phospholipid bilayer, containing both saturated and unsaturated phospholipids,
constructs the main frame structure for the cell membrane. The functionality of the
membranes could be significantly affected by the stability of lipids, especially in an
environment contaminated by oxidants such as ozone.l? The concentration of ozone
at the earth surface of troposphere are usually few tens of ppb, mainly formed upon
photochemical reaction of nitrogen oxide (NOx) and violated organic compounds
(VOC) with UV light.3 However, the influence of ozone on the lipid molecules have
been mainly investigated in high concentration range (0.3 ~ 10 ppm) in the previous
experiments.l2 In the present study, the structure and stability of lipid monolayer
with both saturated and unsaturated lipids in low concentration of ozone (~20 ppb)
have been explored by m-A isotherm, atomic force microscopy (AFM) and sum
frequency generation (SFG) vibrational spectrscopy .4

2. Results and Discussions

The single or binary mixed monolayers of
an unsaturated lipid (DOPC) and a saturated
lipid (DPPC-d7s) were made by LB method

on the water surface (22°C) in a chamber

DPPC-d,: DOPC |

0.4
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under environment control. Figure 1 shows et ——
. . 0.2 1:1 !

the changes in the surface area as a function -3

of exposure time to N2 (0 ~ 60 min) and 3 % %0 % a0

low-level O3 (60 ~200 min) at a surface Time (min)

pressure of 30 mN/m. All the monolayers Figure 1. Stability of surface area for the
DPPC-d75/ DOPC mixed monolayers at 30

. L mN/m exposed to N> (0~60 min) and O3
show only very small decreases in the initial (60~200 min).

are stable in the nitrogen environment and



60 min. However, when a small amount of ozone (~20 ppb) is introduced into the
chamber, all the monolayers, except for the pure DPPC-d7s, show fast decays in the
surface area, and become almost constant after a certain period (ca. 1 hr). The
decrease in the surface area indicates the loss of molecules from the water surface
and implies that DOPC or DOPC-contained monolayers are partially decomposed by
the ozone exposure. Only a small surface area is remained for the pure DOPC
monolayer. More surface area is remained with increase of DPPC-d7s in the mixed
monolayer after exposure to Os. The instability of the mixed monolayer seems to be
related with the amount of the unsaturated DOPC in the monolayer. The origin for
this is further investigated based on AFM and SFG observations.

SFG observations demonstrated that the DPPC-d7s monolayer construct a
well-ordered structure and are stable in ozone. The pure DOPC monolayer showed a
large amount of gauche defects in the monolayer and is unstable in ozone and most of
the reaction products are dissolved in water to form micelle structure or evaporated
into air, and only trace amount of oxidized phospholipid (oxPL) stay on the water
surface (Fig. 2, upper). When the mixed monolayers were exposed to low-level ozone,
DOPC molecules are also selectively oxidized but a small amount of DOPC is
remained in the mixed monolayer (Fig. 2, lower), very different from the pure DOPC
monolayer.* It is expected that the saturated DPPC components in the mixed
monolayer can partially inhibit the

DOPC monolayer

ozone oxidation of unsaturated

DOPC molecules. The all-trans \é ﬁ g \é Qg g % g Mé (ﬁ

$
1 -level e
hydrocarbon chains of DPPC can tow % - % o<

Ozone

form a well-packed monolayer P F———

and are stable to ozone oxidation. ﬂﬂﬂ ﬂﬂ 2t 50mMm ﬂ HM uu ﬂ ﬂ
On the other hand, by mixing g g g g g ﬁl gpg
with DPPC molecules, the packing S QR\%

density and orientation orderin
ty & Figure 2. The schematic models for DOPC monolayer

of DOPC are largely improved (upper) and DPPC-DOPC mixed monolayer (lower) on
and this can partially inhibit the a water surface before (left) and after (right) exposure

ozone attack on the defect sites. to a low-level ozone.

Detailed results and discussion will be given in the presentation.
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Development of heterodyne-detected VSFG spectroscopy and
elucidation of structure and dynamics of interfacial water
(Molecular Spectroscopy Laboratory, RIKEN) S. Nihonyanagi
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DIKFEREAIHEIT SV 7 DIREIRBEIZFER 1TV Z L 2R L2 4 & HITHiAK & 2250 s>
T FERIC L D PDEEE AT L EBERFHFIC L D POEIALY M Z T 5 Z L ic
5T, FEATEF AN TIHF IR K ERE A TRITN T AKDOST NIFEIET B 2 L 2R L S,
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Wb EERLT,

[AKRECIT D 7 = & MFEIROES) & 1 F 3 7 A JE]
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SR & B A DD 2 L2 X o T S OB 2 B ) ———))
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ff53fi# HD-VSFG £ % 8L L, R T TR DK DIRE)

. 2 SmEMEANC LY ElcwELL
H-gE 7] Tl AN 2) 2
JHELRIED 7 = & PSR OBRZL A P A7 MAORE 2 e i 0 e 1 4
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FHAEZEH L TV DR300 CEBMICERI Sz, S 612, BiERIMNEBIRIFEEZRIEST 5 2
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Long-range specific ion-ion interactions at the gas-liquid
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5, TA4NVLDESIIRT TA 1 Schematic illustration of a droplet breakup

W H RO L o I mechanism. In our experiments we sample the ions
- contained in the sub-micrometer-sized droplets generated

HZENTED, 74/vA1E 1 from the center of the “film’, which are detected in situ by
um BLF O A RO IG5y online electrospray mass spectrometry.
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o — LR CITERERE . 4 B4 or NaNOjz concentration. Dashed lines correspond to

FAEFITAL = & 700 2 & 8B 5 values of ¥(0).
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o’ (ZNDHITERBRMUICKRD D) BT N TE,

aac cl

< OH —=OH
R:;G( ,th, 60)0! rdt o VAT (1) q)ssVVAF(t):2<I;QH(O)’/}' (t) i (l‘)> 2)
7.

-1
1

FEI D, FEHMRETZIXZoOoMBEEICHES LRV,



MD v =ab—3Yg v
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CP2K 7 7 7 A4l HWTH —JHE MD v 2 b—va r&irTol, HHEiC
VAT A M AMEREGZR L, 2=y bEAF O FOHITKIZR L 2
WY THDLH, TNEN 15ps DRkt D 35ps DTV = b U — &MV,
HD-SFG fE o & 5t 5H L 72, OH i iR B fH Ik © 5 5 O FF 751X DMPC//K TiT &K
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Model of the photo-excited reaction at material interfaces

(Toyohashi University of Technology) Kazuhisa Nishi

WVE R O ROG X, A LIS T DB D b E O
SIS OBLE G REBRFEVMEERIETH D, RmEENERR T 517
ERIDMEETRT D ORA BRI LVOHERE, 7N A EAIHT AR E e
T&7, LML, HECTORBRKED A =X AL, DR HEESCE IR
REDNMEHEZ2 72 OS2 BRI SNUADITIEE - TV, A T, e s
EETBENRREZ AR DY ETT VAR L AR KR 7 SI0H
FIAFEINTWDLREMN LR imcEH T 5,

MREFTHRERIL, LR T LIRS ODOENLEDNIN =T T
ETFTMEEND, H \ZHHETFOEH =R VFX—, H, 3B TFONEIE, H,,
LB AR EMES i & oL, H, IR mA2 B+ 58, H, 138 1%
BSTOICHEEED TS50 v MO Fa 2 EnEkT, 20T ¥ Moy OH
X, BrOJEE & HEE L TV DO TRBH I ENGS, NIV =T TH
I _REHIH, H,, H,Tbhd, &I AMPRITETHAREE CIT I 2 @i
HEIE. w7 v R LV TR E S IVERICIEE S5 Ly, RIS
&I E T RV — WAL b S AVE A BRI EGEL O T TRk

H=H,+H +H, +H,  +H,.
P «—ocro<o
>
H,=> Ec'c +> E,cic, (Eigen energy) o <
i j e*\Nr/\M °
H, = Z F(t):c, + H.c. (Photo-excited term) | - om-
: ] i
H, =) A,c'c,+H.c. (Transfer crossing term)
! Interface
H, =V>ccicc. +V,, > cc +H.c (Interaction)| | j: bulk
@ . electron
H, =>.T.c D,D, +H.c. (Molecular term) m : shuttle molecular
<= photon
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RGN ENT S, £/2. Vv M OFOEBLHRLIND, NiEE

WENTEBEIT 28R oL X —%2 k) WREMITICEETE-E iﬁﬁ
BT 2AREMENAE LD, 29 LTROXAFT I T AFETANIN =T

ANZOWTOEB R EMS Z LI VFMiSND, BOICAINV =T

T B EATHNFORICERL L, BEITHNCOWNT DA B oL 7 s B SRR A L
\—nxﬁﬁﬂé

ip, =[p,.H], p,=|m)(m| )
S HITREROREF, ﬁﬁL&%%ﬁLtﬁ@vx&~ﬁ&ﬁ%%m¢éo
ZnA@pm ZhA@pn 2)
7-72L. ¥x% ]\/l/ﬁjsx%@ i%ﬂ] i/\%%bjj%ﬁ’]ﬁ&ﬁfpﬂ?ﬁﬁﬁ“éo
U (EME)) =2nT(t-1). (3)

HARM 7o B B % 51 #5 NIV =T CORRITEETIEZ BT &
Trace Z: R D Z L ITIFHET 5, FHEITOWT RAVTERhE R E 136 E 40 AAE
TR E D2WIBRE & AFEFHOESE LTRED, RiacxE N EBT D
BRI XIS E & NV 7 NTOE O EHBITRICKITE L CTRES LD,

T MR E R FERGER) SRR TR I, AU L0 EEEE O JE A
RE D, Tz, ZOBRMIE L TEFAREICHAE SND DT OfFEIF S EZ

HETHEREICOEELEZ D,

AETNOIGH E U TRARCKEEE & U TR ST 5 R 8K E
MoOFZEY EFEOET Y 7 RT3V X =B ROFN A ZE N5,
B2 12 E A2 £ LT BB HEORGEM & ARET IV EDOXfIRE T, StiEa ik
LT ITBIET Z > BB AN DIAENTZERETHY ., V¥ ML
FELTIUEREDL Ry Z ABHWNLINTWD, &I ERM (1T0) 28 L
TAF L, UV Ry 7 ANBEFEZMEE S0 b AR OE -2 S
AU, P Z i U CERARET D, RET AOFHE TR E W OEASRE,
FEREHREH L =RV —EHhR A2 EH LT,

Model — dye sensitized solar cell 7
i — TiOs film 2 —0<0<0 R: redox
: 7
J - dye “ hv e R R
M~ — R (redox: iodine ion) é .7._./_\.,_
M — R (redox:iodine) / ¢ ~
a ..
A—— ; 1 T sensitized dye
FEI: Tr(pH,) = eA(E)| ITO 7 Tio, +electrolyte
2
ASTRRE:  Tr(pH,) = Y |FO) 7
THaShER - Ze| A(E)r /Z“: (V)|2 Schematic of dye sensitized solar cell
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