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Table 1 Experimental Cu 4s' — 4p' -like excitation energy (cm™) in Ne Matrix.

Author Year Spectra (cm™)
Armstrong et al. | 1980 32000 | 32400 33100
Kolb et al. 1984 | 31746 |32173.4|32528.3 | 32891.3
Lecoultre etal. | 2011 | 31778.2 32504.1 33391.3 | 34036.6

Experimental Cu 4s' — 4p' excitation energy (cm™) in gaseous Cu
Moore 1952 | 30535.3 | 30783.7 | 30783.7
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Hh O % 7% Raffenetti-Huzinaga @ J7 £ THE#I{t L Noro & O FAH B H 0 LK 2 N 2 72
[15,15,15,15,1,1,1,1,1/8,8,1,1,1,1,1,1/5,1,1,1,1,/2,1/2] T 5, LS & T T MCQDPT2 35 %175 & Cu
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BT Ne~ Y v 7 29O CulfiF-OFIEIZA W T HIRFFSILD &5 2 Z OMREDOHIEE FIAT
5. RAIFBRTIE Cudp' Py & 2Psp BN & UL = 5L 3 — (345 2 30535.3 em™ & 30783.7 cm!
Tdh %, MCQDPT2 TEHHALE LS A FTORI T R/ —(Z 2430 em™ DEELZHM L & 512
SOCI T H 7= LS HOMHIEA1T 5 & 4p' *Pyjp & 2Py DFFEAKIE 30575.7 cm™ & 30765.2 cm™ & 72
VIZIFFERICERE L FHHT 5,

[Ne< U v 7 2D Cu DETIREE]
Ne~ b U w7 AT CuJf N E ZIIFET DDONIRMIROEFE THDHNe~ b U v 7 A1 fee
WIS A FF O Ne D—2% Cu CEEHAK B IZH D 120D Ne JiT- &2 B EICANTFHEAT
ST, BT IR A EBROZIICHEE L7 MCQDPT2 12 LA 7 L— 7 ME 6170 em™ Th v EBRfE
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Table 2 Theoretical Cu 4s' — 4p'-like excitation energy (cm™) given by Mod-MCQDPT2 + SO

Cu in Ney Year Spectra (cm™)
Cu in Negs 2012 32153.4 | 32402.8" | 32405.8
CuNe,; in Neg 2012 | 31764.3 | 31935.8 33492.2
CuNe,Ne,, in Negs | 2012 | 31677.6 32501.5 34139.1
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Effect of molecular assembled structure on carrier absorption spectra of
DNTT thin film transistors
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Electrochemical property and ion uptake behavior of a porous
coordination polymer [Cu(mtpm)]X,
(Kyoto Univ.}, Kyushu Univ.%, JST-CREST?)
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Thinning dynamics of a vertical soap film as revealed
by quantitative-phase and reflection-interference microscopy

(Hiroshima City Univ.) H. Fujiwara, K. Isobe, S. Nobutou, and T. Ishiwata
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Acidity and basicity of the air-water interface
(The Hakubi Center, Kyoto Univ.!, RISH, Kyoto Univ.2, PRESTO, JST3, Caltech?)
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AOREILZER—ERA— AR E S
B & 91 RGBS R R I RO I AR TE L
TWb, 2B 571 b HsONDZEENT
fsh CEREREE|ZH > TVWS & FHEI T
BA, TDAH=ALIREIINEIZIT L D pmeous o i
STV, FRTAKDOREIZIB T 5 EEMERE DBk L___*,““
FRBED - & b EERREO—DTHD, b A
BWENBIETH D0, b L A TH S A

PIFJSFFENNT, PIOTERS NS, —

B + H3O+ — BH+*+ H20

AH+ OH — A +H:0

BUE, AKOFmEIZI T DEEMEEICB LT
FBR L B O T B IR L B S AT
%o LWL ZHNE TOTFIETIIAKRDORIHEIZ
BT 2K FDWERA A DRIEIZD

1 Schematic diagram of the present
experimental setup: Creation of a microjet
in the spraying chamber of an electrospray
mass spectrometer by injecting water

through an electrically grounded nebulizer.
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0.0 Interface (R

2 Hs0* is available at the air-water
interface only at bulk pH < 4.



DB TH H~FH U (PCOOH) #ENENKD~A /7 ryzy MIREAHT (K1), £
DOFEREE/CES< ~1 nm) (AT 5 TMAHE PCOO % N EIVE B HTE THRIHT 5
T & CRURSE ORI - SEEMERE A2 TRARM & DA o HRET 2 Z &1
HRTHIOTHREI Lz, EORE. HO™ IXEH D pH 23 4 LUFIZ7e 5720 L KO #E I H
TIZ7RVoIZxk LT, OH X+ d
pH 2 2L ETT TIFEL TN D
ZENbrolz (X2, 3, Thbb
pH =7 O#KDOEKEIT HOt XLV
OH 2B HA L THY, pH~
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LY ATy ROBHEDERN ST
% & pH =7 OfAKDOREGEI<~1
nm)iE [HEEME) Tho vz b, pH
ARERITEKBERE T TlERL, ¥To
BRI E—K D FiE TR O LD RIREME A
W, RERBEACFEZTICRL T, Ak
LRMEMERICB O T OB CTHEETH S,

=
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»
T

o
=
T

Normalized hexanoate ion signal intensity

3 OH is available at the air-water
interface at bulk pH > 2.
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IKORHEIZ/NIV T X0 EBIERONEREZOD, ShAKERSN TS, ZTOZ oML,
Jungwirth HIC K27 FEINE (MD) 2 al—ra YO ookl #H61X, /kokme /b
D RuZy A4y (H0) OHHEIIVF—D#EZMD I alb—raYick> GHAEL .
Z LT HO" BRI TIZ/ V7 KD & 3 keal mol™! ZET, AU K > TEED pHIZ/ VT & D E 22
K<7%%, Liamlic. U, IREMIERFEE (VSFG) 23 L& @7 (SHG) 4> DWW D
MOFEEIC K > CEMMICFE N, LML, fi - aaA MEEENSIFIFEALETFENTHY
O, SR OSIERMEN A OB R ZFT S C L, EHISNIEEZEREETHD, chid o
> DITHIKEEEYIA A > (OHY) KD &KICHT 28N E <, OH WRUA ZKFA 2L 7K 5
MCBEMICIE T %720 ThH 5, LREN TV S SIEDOESIKEID pH KFEEDOFERTIE, /N
VoD pH 43 LIFCIREIEOP— 2 BT (OF D SAFIEICHEE), 43 TIIP—2EBNITE
KR 2 T EMNREETNTUVS 7. Beattie l&, TORBKRZEZE &IC, KOXKMED pH 1F/3)L 7 X
DEKI3IELY, LR ERLTWVWSS L7 M aX S L—HESHOFREBRE BLIKE) & BET 54
REHZBHEEZLNTVS Y.

D EDEX I, KOKED pHICDWTIERMND 2 DD EENRHZHT, FLIFHEICHFELIEA
TR A I EFAERFEE (HD-ESFG) 77062 100 27K DKM O pH fERFEICEA L, #1H TN
)L @ pH JI7E & A UJREEOHRNE Z RN L TIT7%% > 7. X 1(a) I pH fE/RE D I X727~
9. TOpH IR ZDT7 IVFIVEHIC K > THRIIEETH O, 7NV T OKICTAEMR LR, X 1(b) &
(¢) l¥ HD-ESFG I X - THIE L 7o /KDEI D pH FERHED RIFE R (@) AT MV DS
LHRETH B, y® DEEBIFENATHIRI A XY

R IVIC KIS d % absorptive 7%/N RIEZ/RL, a Girkas CirHas
EBI3: dispersive 7573 RIE 277, 2l DT b AL, T L, e
HEP I pH 2 ZZ TEBEHI LSV DT, ARY acid (HA) base (%)

RV D7)V pH AR IE pH HE 7R3 oD fE 1 L
BOBEDOAIC KB, B EEBOWNTND AN
7 RV, 2NV pHIC K - TIHOZEE Ui “%
A" 2R LTV, TOT EFHIEDEEE
AR % L [ERFIC, BTN A R Y v
Ko TR OERZIT/5> DAL X
HNCLTINED y@ ZART MV EffTTE 5 T
EE®RLTWA. 0.4

2(a) 1ZX 1(b), (c) DT — R Zfi#f L THELN
T AR O REEE DNV 7 pHARIFIETH . N
W7 DpH 114 D & ZEEEEIZ 05 L5 TV 5.
TR RIEORMEEFEIN 2.6 nm2 DEFETH S
M, X 2(b) OEREASRARTE D, K5 72 jk 02 ,
59 CREEE 05 25 %% pH XA T 5. £ a0 30 380 400 a0 a0

Im [xPe.sps] (arb. units)

c Bulk pH
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—97
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— 114
1.8 —
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Real Part

Re [x?.sps] (arb. units)

EFE P O ORI, /3L pH 10.7 O & X il orto2 Wavelength (nm)

- 1. (a) pHIETREDBIEETE. (b, ) KDRED pH IR
205 &0, X2 DR TNISHIET B, 2Dy 2_% ML (b) EEBE () FB. /LY D pH #H

W, fEEEE 0.5 25 % % pH 3 pK, TH DM, ISR



2(a) DFRARD/RT/N)L 7 pH 10.7 1 pK, TIE7RL.
BEED, K 2() TEEMHDOIERIED MREEE DN
WIDpHICHLTTay hENTWENLTH
. NV TR ERED pHICH LT TRy b
UL, pk, Z1GHENTES. ZITRIAL
NV D pH DFERE A LT 5L, K2a) D EORE
filjlc & O fi e T 7 R pH SR U TIRAEIC e
Y hIBTENTES. TORR, REMTO pK,
X 10.7+A EEKENS.

pK, 11X 1(a) DEE 5 HGIEAND OGO FEHE R
FITRXZHIF— (AG®) ICEK>THZLNS.
AGP I3, 1ER, o b oOfEHERERT vy
WV (u®) TIRES. u®l3Z DL AFEOSEH DR
AT S 5. SR OREIEE TR O F OB,
B OIEEAIRAIC K > TEHMiTE % 2 & DHE
ENTWVS 10 X 3(a) 1FRFEDENATHZIL D ¥
— VR EERED (FR0) A EROMGRZR
LTW3. X 1(b) DIFEELD y® O D ¥ — 7
Fld 365 nm 72D T, JKDZEE D LR LA E SR
339 ETREESND. THICK3Mb) ICRT LI,
AR & pK, ORIfR B IR AT Z W TR
EENTWS . )NV ok (LLEEEH 78) Tl
pK, 1378 TH BN, FERMEL K 51XE pk,
BRELAED, EYRILLEATER 39 ODEM T pk,
390 TH 2. fRBEED 5RO ENTpK, 10T+A L,
ISR ED 5RO BN Tz pK, 9.0 I3[ —7ED T,
AlZ-17 E75%. SRIOMFICK > T, FKEEN
W7 EXDEEETH S ENWD TERBMTRE
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4B08 pH at the Lipid/Water Interfaces Revealed by Heterodyne-Detected
Electronic Sum Frequency Generation
(Mol. Spectrosc. Lab., RIKEN) KUNDU, Achintya; YAMAGUCHI, Shoichi; TAHARA, Tahei

The biological cell membrane is a complex mixture of lipids, proteins, carbohydrates, and

cholesterols. The pH and polarity at the cell membrane are very important for many biological
processes, such as proton transfer, ion transfer, etc. Despite their importance, however there is no
systematic study of the pH and polarity at the cell membrane. Because the complexity of the real cell
membrane makes it difficult to probe, we use a lipid monolayer on a water surface (air/lipid/water
interface) as a model of a cell membrane. We report that heterodyne-detected electronic sum
frequency generation (HD-ESFG) with a surface-active pH indicator dye allows us to estimate the
pH and polarity at the model cell membrane.
a

CarHas Ci7Hss . ..
m m The most reliable method of determining
—_— > + Ht
HO O o o) o o)

bulk pH is UV-visible spectrometry with a pH

Acid (HA) Base (A) indicator dye. It is also possible to apply
spectrometry to the lipid/water interface by using

o HD-ESFG, which can provide the second-order
nonlinear optical susceptibility (x®) of the

interfacial molecules. Using this technique, we

systematically determine the pH at lipid/water

interfaces. Figure la shows the equilibrium the

ol ¢ © ol d © acid (HA) and base (A") of a pH indicator, 4-

g”" g’% heptadecyl-7-hydroxycoumarin (HHC). Studies

o O/O 0 O_o\p=O of\on o Oo ° were performed at the water surface with each of
H’% o 3 H’% four model lipids, shown in Figure 1b: 1,2-
He _/Ng\ OHOH A" dipalmitoyl-sn-glycerol (DPG, nonionic), 1,2-
DPG DPPC DPPG DPTApP dipalmitoyl-sn-glycero-3-phosphocholine (DPPC,

Figure 1. a, Acid-base equilibrium of the zwitterionic), 1,2-dipalmitoyl-sn-  glycero-3-
surface-active pH indicator, HHC. b, Chemical  phospho -(1'-rac-glycerol) (DPPG, anionic), 1,2-
structure of the four model lipids: DPG
(nonionic), DPPC  (zwitterionic), DPPG
(anionic) and DPTAP (cationic). (DPTAP, cationic).

dipalmitoyl-3-(trimethyl-ammonium) propane



Figures 2a and 2b show the surface-selective Im[;®]
and Re[,®] spectra of the indicator at the DPG/water
interface, with the bulk pH regulated by sodium
hydroxide. By analyzing the bulk-pH dependence of the
22 spectra, the bulk pH at which [HA] = [AT] is
determined as 9.6. Generally, the pH is equal to the pK,
(negative logarithm of the acid dissociation constant)
when [HA] = [A']. However, this bulk pH at which [HA]
= [A7] is not the pK, of the indicator at the DPG/water
interface, because the pH is measured in the bulk. If we
analyze the ' spectra against the interfacial pH, we can
obtain the pK,. Assuming interfacial pH = bulk pH + A,
pK, is given as 9.6 + A.

The pK, is equal to the standard reaction Gibbs
energy of HA— H' + A" divided by RTIn10. The
standard reaction Gibbs energy is given as a function of
the
surrounding medium which can be estimated by the

the effective relative dielectric constant of

o)
o
X

T T T
DPG/water interface

Imaginary part

Im[x®] (arb. units)

D
o
x

Ref;?] (arb. units)

340 360 380 400 420 440
Wavelength (nm)
Figure 2. a, b, Surface-selective

electronic spectra of the pH indicator at
the nonionic lipid (DPG)/water
interface. The imaginary and real parts
of ¥ at different pH are shown in a and
b, respectively.

solvatochromism of A~. The peak wavelength of the Im[®] spectrum of A~ in Figure 2a allows us

to estimate the effective relative dielectric constant of the DPG/water interface as 12. From this

effective relative dielectric constant, the pK, of HHC at the DPG/water interface is evaluated as 11.6.

Because this pK, should be equal to 9.6 + A, A is obtained as +2.0. In the same manner, the values of

A for the other lipid/water interfaces are obtained as shown in Table 1. This work clearly shows that

the interfacial pH is substantially deviated from the bulk pH and that is changes largely depending on

the head group of the lipids.

Table 1. Peak position of the base (A"), effective relative dielectric constant, and pH difference A.

M e TN
DPG/water 377 12 +2.0
DPPC/water 375 22 -1.1
DPPG/water 365 41 -2.6
DPTAP/water 376 20 +4.4
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Water Structure at charged Interfaces Studied by Heterodyne-detected VSFG

Spectroscopy: Hofmeister Series Salt Effect
(Molecular Spectroscopy Lab. , RIKEN) S. Nihonyanagi, S. Yamaguchi and T. Tahara
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T AL B OBMRE I RIET I REOFINIR 7~ A A X —RFE LTHHBRTND, ZO%K
FNETe M B DT DI 70 53, BEFRIEMED K O 7o 8ME72 A ARBERE D~ & FmiEMEAI O S < &
JARFED X 5 e Bl 72 VEIC N T2 2 £ CIHFICE  OWWE DO SR 2tEic@m L T b, 207
WA T~ A AE —RYNEBFES 5 2 L3RR X OW B L 0 IR G e RIS BV TIHERY
WCEHETHD, LOLENL, TOEEMHICHL2 2D LT, ERERBREOERBNIEN S
TEXFIZHEDb LT, ZOWHRIIR AT =X LZONTIHIZE A EDDR> TR, RT7<A
AL — BN FAIWAERNZ T (T2 A <E /KR, FOriEEA KR OREE LTI 2
HIENTED, foT, WHNTLIHGAA U BL ORI TH 5 KD =H N2+ R0 5y 74
WEHRETDZENR T~ A AZ —HNROBRIZ L > TREWICEE TH D,

S EIRA R IRE 55 Y615 Th A IREFE R A (VSFG) 43 eiEIT it m DK 2 @RI @Bl 523
HHELE LTRSHNLNTWS, ELIKRAVBHBE LA T I Ly 7 AT XA Ul
VSFG (HD-VSFG) /3t 5 & IHMERZ SR (D)0 Rz FHIT 216k L By | 42
(TR L CRIB 722 AT ML B RO EIR CHET 5 2 LN TE D Y2, P2y Ao
R (Imy®) I HEBEE A BRI L, S 5IC TRICEDZERRRN D, BFHERAKD AT |
VOFKT 2T 5 ETHRICERTSH 5 2% Al Fx ik HD-VSFG /3 tika VT, EB LIS
R Lo A A M m s A By 75 & 2 ORISR O R mIZ BT KO EE R 7~ A A X
—RHN & DR AT,

[%82] HD-VSFG O3 B EIILARTHE LIz b0 LRI L TH 5, FEN e, A%, RIETZ
NEI., s, s p-IRIETH D, BF A MR mETEMEAI L LT cetyltrimethyl-ammonium  bromide
(CTA'Br), 727 =4 MR mETEMAIE LT sodium dodecylsulfate (Na'DS ™) % H\ 7z, Zh b0
FUREVER O R 2 B VIR DN RITR 7~ A ZF —RINTHED T E DB TS © IR
/K (NMR 1 99.9%) CHAfR L 727K (HOD-D,0O; H,0:HOD:D,0=1: 8 : 16)% H\ 7=,

[FE5 & &4

M 1LIZHFAANED CTA M TR Efl 2 DOF N U 7 AT A K% & e HOD-D,0 3R O S i
> OH FEFEIR D ImyP % 79, K10 Imy@ 247 | LiE 3100 725 3600 cm ™ o A2 - T
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WL CRFE FTHEICEHM L TND Z EICHKT D, N ROBEIXF 2800 00N B KR
<. Cl,Br, T DIET/INESL 725, ZHUITA AOKRERNT A RIEE CTARHEIZ LS WE L
BROEEEELS TH20EEZLND, HIC 2G50 AITKD OH Ny RNEE A CREE
Fired'. ZOREICB T 5244 OWENREE L TEMEETHLZ LE2REBLTND, T,
CTA"JRE D OH /Ny REREIZA BN DB 7 v DFFNIR 7~ A A X =R L 22— LT
Do Wn T, T2 DR T A AZ—F5E CTA REICBIT 5T =4 OWEINRRNAT S &
EZHND, ZOREIE Cremer 53T > 720K D VSFG ORFZERE R L —F L TW\W5 7,

—JF, M2 ITRTAICKEE L DS By rIEREICB T 20 F A4 O RIE EiRko T =4 %)
BLIfAes, 22T, K20 0OH Y RBREDHSZFFOOITAICHE L RE IV TRy
FKFELE EMEIZEM LTS Z e Zpnd, EERERFEEL LT, OH AN ROREIEIHF
FDRT A AZ—=RFNE—F LW, £72, WTHOAFF A LTH OH /32 ROVELH
ENT7-, DS HAFEAEICKIT 5 F A OWEITHEEMTH L EEZOND, o T,
NFA Y DRT A AL —ZFN ORI & T A > OS2 X 5 BB M E/ER T
b 2R, —J, OH Ny ROE LA KD % & Tetramethlammonium®, Cs*, Li*, Mg® DIIEIZ & 5%k
2y 7 b L, REOKOKEFMEGBEDIK T 2R LT, ZOFRINIHTF AL DR T~ A AX—F
e —ET %, > T, DS™FHICIK T DKOKFREGHEE &R T~ A 25 —RINITHIHE 24
R 5 Z LN ENTZ, UEND, AT~ A ZAZ—R5NE, O & 5FA Ao piEflgk
ETDHEATZOWET(SATER). @R & A A v DB E L WiGaiE, REoKokE
FEOMEE, ZNH 290K FICEVRESNTVND EEZLND,
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