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Importance of and Features in Time-Resolved Fluorescence Spectrometry
Traces in HORIBAs Time-Resolved Fluorescence Spectrometer
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Time-resolved fluorescence measurements reveal intermolecular interactions
depending upon the environment of the fluorophore. This paper describes the
basic background and some examples of how the fluorescence lifetime is more
informative than steady-state fluorescence measurements. HORIBA has many
fluorescence technologies and resources.
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Figure 1 NAES-1100

Figure 2 Excimer formation in de-gassed
sample: Pyrene in cyclohexane (2.2
mMol).

(a) Monomer Emission, (b) Excimer
emission.
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Figure 3 Anisotropy decay: (a) /(f) + 2/.(), (b)
h®), (©) L), (d) h(t)- (), (e) Lamp
profile. Sample was provided by Dr.
Tunehisa Araiso, Hokkaido Univ.

Figure 4 Excitation: 470nm, SDS conc.: 5 nM
(a) Residual, (b) Excitation profile
(c) Obs.630 nm, 7,=2.48 ns (41.2%),
7.=9.03 ns (568.8%)
(d) Obs.535 nm, 7,=1.41 ns (54%),
7,=3.48 ns (45.5%)

Figure 5 Excitation 337 nm(N; laser)
Observation 660 nm.
Sample (a) 71=680 ps(83.1%),
75=1.26 ns(16.9%)
Sample (b) 71=199 ps(83.8%),
7>=1.16 ns(16.2%)
(c) Laser pulse profile. Sample: pro-
vided by Dr. Shigekazu Minagawa,
Central Research Laboratory, Hitachi
Ltd.
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Figure 6 Polarized excitation and fluorescence detection.
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+ Resolution of molecular
mixtures

Fluorescence

B o Spectra BN /| * Molecular interaction
WEEBOWELBGT 5 &0 LI, *
HORIBA®TCSPCHA X, IBH# (19774, /s, - Changes in the Local
. - B B . __A-="__-*1 environment (viscosity,
fx Iy T FEOAR 7; 774 FR e T pH, polarity etc.,)
FONYF X =N LCT TR ezt T Vs
T2 SN I T OWE T LT, Fluorescence + Radiative &

. ) Decay /s quantum non-radiative
IBHHCiZOOSﬂiLHORIBA JOblI’l Yvon (JY) — Lifetime // y|e|d rate constants
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] <t s NS Foeel T + Changes in conformation
o7z AFEIE201 74F IS B Z A0 4E 2 5 2 72 oS T = local structure in '
7, JEHER 2 TCSPCY A 7 A DRFEIZ AL N /'\\ | macro-molecules
LT, IBHA O O FEAMIIZ DWW T, :/"\\ \s\ //' \\\\

- Pt DR 1 s T A -1 o+ camerd . | E||M image

COBROFEwmLIZBWVWTHMNMEINSE Z LI /;/ N /)\\ microscope

o TWhe 7V AKEE LTS A F — e N . Férster resonance

F(LED) B £ UF#Ek L —+ (LD) % f# i ¢ / et “ ~J  Energy Transfer:
. . . / -~ . Distance between

-7 \,\“ ND .z: L ;r‘u /7 %4 AN
\?_s % i") L 20, RO TEIREER 7OV A HE ) . - . donor & acceptor
B USRI E LT, E512 / o N

WAEDOFEMEFIC LY, HEDOZDHDOIZL » Time-dependent

~. | Molecular rotation,

fluorescence

fa=7Afara—=4— V7 727 anisotropy

BHRE LWEREZZEITOO0H 5, 2D LD
GEMOIRE D12, YRS s— b

Local viscosity Molecular
shape/size

Table 1 Observable and Molecular property in TRFM.
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Finding the Time for Fluorescence
Its Measurement and Applications in Life Science

AFE T, PHOEFARDIES TdH - HEAFHATED, FHMTOES IS VT
FRILIZTIYIRFICEWTERLRRY L ELTEHAIN S ETIC
B BREZFEDE ARSI FICEEELT, BEHS TORBENOMERIIK
Iﬁmm%ﬁUfﬁﬁﬁmﬂmﬁﬁfbTﬁEﬁLﬁ%éTéoEW%LH
BXTIVINA T —REDREDZRCAEBORME ELEZENE T 35K
Tr—a EE ZBNT B,

We summarise how developments in technology have brought fluorescence
lifetime spectroscopy from being the preserve of the specialist to becoming a
major tool for research across many science and engineering disciplines. We
highlight the advantages which fluorescence lifetime measurements can bring,
not only to underpin research, but also through application in helping to solve
real-world problems. We illustrate this with recent examples in cancer and
Alzheimer’s research, which are aimed at improving disease understanding,
diagnosis and therapeutics.

ELC®HIC

1056 (Fluorescence) 1T FBE 278y — v & U CEH A REL R TH V),

< DITEFIC bwfﬂﬁénfwéo747&41/x,t%,%/Ta/u
V=, T ITN, BB, IRV - HREEALE L TCEITLIENTED
D, INHIFEADO—EIEE RV, EELRZ LIZIGTFLANVERD L B
BT O HOLOFI A IIHO TEELFFW T L — 7 2V — % L 2 Awld T
HIETHb, TNUHNMOBBEELDIINVAT THETIEIRwrEEbiLs,
HICIEBTROBWINZ L & b7 2 O FEES O IEREHAT 2 S FH S hw
5o$t7v%4®%%,&ﬁbiw$§u,ﬁ%ﬁﬁwE%T#Oﬁ%&M%
WU RENPTEPICELAEND o ZOREIZZRICOE LD EBEEZN O LD T 4 ¥
H—=T) Y MEEETED, TUIEE RO L) ITRT I ENTE S,

Fluorescence =f([’ Zexc; lem, p’ 7, t) .......................................... (1)

2T, NEHEICREE, Lo, LnlZFNENRIRIE, SOGIE, pldat® 1M

BN ARICEE, A3 BEREE R ONME, (I FOUFa ¢ TRlak S N2 R &
RT o TDT A Y H—T1) v b(EIEOKEZR) OUEFHM LT EEE OKFTR
WREEICHE &L LIAL 2 EATE B, 4k, VYN - D anNy AR VIBHAIE, 406
FOEEY AT L, FORMBESEB XMWY 7 by 2 7 ORI S X 0
EERHEME L, 19774 ICHIZE LSFA0REE M2 5, Uiz A3y T ¥ M
MORFNR Y F ¥ —RFEOVEDOTHY, 20034E-IZHORIBAZ IV — T 12Hb %
LT, WEGHEEBED) =T 4 T T ITAN = o T D TR

FENZHIEAITIIHICB TR BHIIEE L TV HETH 25, ZOBHE
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Figure 1 Model 5000F coaxial nanosecond
flashlamp (a) and DeltaDiode
picosecond LED/LD (b).
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HORIBA Technical Reports

Figure 2 Model 5000W SAFE and its 16
channel TCSPC multiplexing

module.
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Figure 3 DeltaFlex dedicated lifetime
system (a) and a hybrid FluoroMax-
TCSPC lifetime system (b).
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TvTERY 7 %o Figure 4 Fluorescence decay of melanin. In the presence of 4 uM
Cu®" ions the decay becomes a single exponential of 7 ~
6 ns at 480 nm emission, suggesting a simplified structure.
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3-exponetial decay model i(t) = 3 pnexp (- t/7n), for n=3, is
used to describes the tyrosine fluorescence decay of AG
during the early stages of aggregation. Fi/Fo describes the
fluorescence intensity of the sheet-sensing probe ThT
during this time and it can be seen to provide little

information on the cytotoxic oligomer formation which

0Oy UEREDHDENZIHNESEDL LN TE L, bbb,

occurs as a precursor to Alzheimer’ s disease.
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Figure 6 GNR hairpin sensor sprung by binding to c-DNA and the consequential increase in the average fluorescence lifetime of oligonucleotide
labelled with 6-carboxyfluorescein as hybridization occurs. Excitation was at 474 nm using the NanoLED laser diode.

Readoul No.49 August 2018

M OEE L ARG EILL o TEZY —TED L VI 7o,
NEE SIZZDIFBITH B 2 EHbhs0M | BIRENC 212, SRR E T
A= =D UTADDLTD%)ZLTIE % L, Figure 50 & ) ICHXEIC L - T
IREN D COZEENL, SEOF 1L VAR KO EOEILE LKL TV D
EEZLENTWS,

L7z T, AFONFEN B EYIET L2 LI1I2L), ADRFIESRI T
wxm& FEEFIRENIEIR C X 57217 T2 <, E5IZIZADDOH L WiEFEEDR
SIZODWEATEATHH)0

HAZLEETDENA A —H—  HBED - DEFE
MROFEFTIEIHRENL T O AR Ty —T LR 5725, 22T, #l
N <= =L LTD[ A v+ T v —RNA (mRNA) |2+ 52
LN TEDLHAY LEFHEITOF 7 70— T O %8 LT, SLFEmillEl ED

HNIEHEN B IO WTHIT 5o mRNARMIILIZ X B 57 v 8y B ok
’bwfigﬁmﬁ%ﬁofwéo%wﬁﬁﬁkaﬂﬁfmmmmﬁﬁ%ﬁi
CliE, REORMZMAWRICL, BREOKE#EEE=S — LEHfiT 2 DI12h
&LOOitJMWA@ﬁﬁgiofﬁ@Wf®%¢%&}ﬁ:fA%ﬂ%¢
5 LCfiifED & 515 ERD Z LDTE 5,

WAEDE GBI BT 2 DB LR LTCE, RE7I X2y 2MMH L7
TI) = arhh s, ik, mRNAR o 72N A+~ —H —[iFD 7
7 XE V& v — OWFE L LI EOuE il 2 2 & DeltaFlex AV v 5T
Wh, Ty, HLBRTE#R LA ) IX I LA F FEANTE VR
ﬁfﬁ%/myF@NMK%%Lt%ﬁK&ofwéo%m,ﬁ%#é@mm
Lo TBROFEICIFEILEINLD, £V T2 7 L4 F FERHEOMRNAICY
FEE 52 LT, mRNAIZBITZHAES 2 Wit 7Y ¥y 48— a |2
FoTATE YD E, d#0esdia+ 2%, Mi#ing (c) DNAIZ X 2mRNAN
L F <2 —=h—F izt — o % Figure IR T AT EUDHE S5
I Zc-DNADSGNRIZHEA T HDIZONT, 6-INVEF T 704 Lt A VEROF
WHEEHEGNEAL T D I EDbh b M5 OWNKMED GO % B
DR 720, So7 7Y r—3 a3y TIREINE T4 RO R TR T &
LEVHREDSD D,

&F /a0y FIEZICHBENICAN L2 e TE, EAFIOAETH L, &
OT ) r—3ary T, wbEEEEICEET T WA &, ik L 2E0k
FHED A v M OFTNTCHREMRENIED TV 5,



HORIBA Technical Reports

BHYIC

HOEHF AT & F oIS, #ObER RO OB S 2R, 13
A EZDIEHADPMEETTFICET L T2 A L RVED ) 24 ATE 72, I
WAEAr & R ) N - D a Ny AR VIBHAS & b I HEOEF el E R E IS LT
BB OL R 21T\, g Soakz U Eagmib & g k%
FEHILTE7,

ZOMMHEED L ) AL Z BT TEZED D Ho ST Gl 72 28 8 (LM
WL, FO— CHEBEMERIINLELTEL, 4°F 54 TOTF—%
S RBERHEN LD E LY, VR &Ry 7 by TAEEAREE L
TEEMRIN, HEOT 37 MEFE IR, A v M2 EZT L2012
RGO —WF—I12% 5720 TEL, T HOLXFAN- N THILUEDL
Lo 72 ARGHOEEKELIEDY, 754 ¥ — LEHE L OB TOSE
BHDEAN > TV D, ZOENT—F%H, HORIBADSEMES 2 ERET — 7
> 3 v JFluoroFest Td % - FluoroFest CIZHORIBAZ )V — 7D A XY ¥ 1)
AN ERESHII 2T IS L CE] e VI HEEHETTA T
TRREIR AR ZE D o 12 H L o 72D T — 27 2 a3 v TIF201TAE4H 123
El 77 AT — TS NKRIFFF 215720 KREAND A RXR—=2 3 Y OHFERITES D
FNTWD, KA DRELRTF v AIMMLICH 2 & EZ 5N D, ZDE LI,
FIE, SeFHH, T — BB X OWLER L v BN S AR I2 ) o L
TWVBH, TNHIETRCUHOMNE TR Z L ) HREHCHATE 230
THY, MROF L VLU= AT LDOMFEIZOLDDELEDTH D, NV A
FTAEZIT TR, B, TAVE - ALE, BELR EOGHIZBVWTHE
BT %o WALIC & o THOGLFmOFEM AN 22 & DIH#EL L 2 —F—D
FILERONDLFRETUE L T b BHICHH T b o THOLHEMIEI W &
QHICEBRTEDL LI R TERLLEFTZIND LNV, 8 EAA,
DeltaFlex? & 9 7% 5 FRIECHFAIEREIZISHZ LT L WEEREO DD
NUFw—7 (B L L TR B TREZS VWD THA L, HIESEIZE
WM S MREO T S 2R L TN D EBMOEETH L5 L TH S
Jo

Readoul No.49 August 2018

19



;Vﬁfw ‘ ERBGEBVRDT

20 | Reccloul No.49 August 2018

N

[11

[2]

[31]

[4]

[51

[6]

[71

[8l

[91]

[101]

[11]

2]

[13]

£k

A single-photon counting fluorescence decay-time spectrometer. D ] S Birch and R E
Imhof. J. Phys. E, 10, 1044-9, 1977.

Coaxial nanosecond flashlamp. D J S Birch and RE Imhof, Rev. Sci. Instrum. 52, 1206-
12, 1981.

A new sub-nanosecond LED at 280 nm: application to protein fluorescence. C D
McGuiness, K Sagoo, D McLoskey and D J S Birch. Meas. Sci. Technol. 15, L19-22,
2004.

Fast time-correlated single-photon counting fluorescence lifetime acquisition using a
100 MHz semiconductor excitation source. D. McLoskey, D. Campbell, A. Allison
and G. Hungerford . Meas. Sci. Technol. 22, 067001, 2011.

Pulse fluorometry using simultaneous acquisition of fluorescence and excitation.D ]
S Birch, R E Imhof and A Dutch, Rev. Sci. Instrum. 55, 1255-64, 1984.

A Multiplexed single photon instrument for routine measurement of time-resolved
Suorescence anisotropy. D J S Birch, A S Holmes, ] R Gilchrist, R E Imhof, S M Al-
Alawi and B Nadolski, J. Phys. E. Sci. Instrum. 20, 471-3, 1987.

Multiplexed array fluorometry. D J S Birch, A'S Holmes, R E Imhof, B Z Nadolski
and K Suhling, J. Phys. E.: Sci. Instrum. 21 415-7, 1988.

Multiplexed single-photon counting 1: A time-correlated fluorescence lifetime
camera. D McLoskey, D J S Birch, A Sanderson, K Suhling, E Welch and P J Hicks,
Rev. Sci. Instrum. 67, 2228-37, 1996.

Eumelanin Kinetics and Sheet Structure. ] Sutter, T Bidlakova, J Karolin and D J S
Birch. App. Phys. Letts., 100, 113701 (4 pages), 2012.

Metal ion influence on eumelanin fluorescence and structure. J-U Sutter and D J S
Birch. Methods Appl. Fluoresc. 2. 024005, 2014.

Early detection of amyloid aggregation using intrinsic fluorescence.O J Rolinski, M
Amaro and D J S Birch. Biosensors and Bioelectronics. 25(10), 2249-52, 2010.
Radiative decay engineering: biophysical and biomedical applications. J. R.
Lakowicz, Anal. Biochem. 298(1), 1-24, 2001.

Hairpin DNA-functionalized gold nanorods for mRNA detectionin homogenous
solution. W Guoke, Y Jun, W Jinliang, G Peng, D J S Birch and Yu Chen. J. Biomed.
Opt. 21(9), 097001, 2016.

David J S Birch
President
HORIBA JOBIN YVON IBH Ltd.

Professor of the University of Strathclyde
PhD.

David McLoskey

Managing Director
HORIBA JOBIN YVON IBH Ltd.
Ph.D.



B Guest Forum

R

InsituZ ¥ R HEICEAFREAEFRE 7O ANDRSE !
ERH S ICHERMEE T

In situ Raman Spectroscopy to Monitor Interfacial Electron Transfer Process:
from Fundamental to Application Case Studies

E2H BG&

Akiyoshi KUZUME, Ph.D.

B LSRR HA RIS 7E e (226-8503 A i Tk X R EE T 4259)
LREERiE ey

Tel : +81-45-924-5873

#EF A — ) . Kuzume.a.aa@m.titech.acjp

i

In situz = >HXEIE. ERAAEDBAAIEELRICHHFEDATE AL C.ERILFEHNEET TOEFEE 7O
ZDIBELETOCENTE D, CDEHDBRE N SituT I DHEIF FEAITIRIVF—THPNA F AT«
I-2a3r(EMFENREBE) 2FRTIZREORBE V- ERP SICAMR X CLEHEICHAZHE -
EBICEWT. ZDGBERTE 2N AREIIFMTIMEY —LO—D2 & L TEBHINTWB, /- BEEFHIE L 7
F/EERERBICBEATEICET. IV EEREPBFENICERIA . 2 F LN TORZRFEOEHR-
A EIBEIC A B, AR TIR IV AR EDEE 2 FHICTHERICBN L. IEVWTEEDF — LI FHNT /-
in situZ % >R OEF & EMHEEZETOBRZFAICH T 2ESRIEEN L. 55 WIIHENFENEEF
BB T7OEXIEICIARy NEYTTHET 3,

In situ Raman spectroscopy is capable of probing electron transfer processes under electrochemical condition by
monitoring local structure and reactivity properties of solid/liquid interfaces. Therefore, in situ Raman spectroscopy is now
recognized as one of the powerful surface characterisation techniques for the investigation of the fundamental and
application studies, such as development of energy conversion and bio-mediating devices. In addition, an introduction of
nanostructured surfaces increases the sensitivity of Raman signals, capable of observing spectroscopic features from
molecular level. This article gives a brief history of Raman spectroscopy in the introduction, followed by an overview of the
recent in situ Raman spectroscopic studies in our group, particularly focusing on the electrochemical and microbial
electron transfer processes at solid/liquid interfaces under electrochemical condition.

7o FeMRIELT NG, 77 rirtikiokiting
TN LTHIF E o720 TD T UEIRO[EEEDHEY

Fr &

TR EGAFHOET) EMHOBTOT A F—1%
ZARR T 260 IR EELTdH 5 o Raman & Krishnan
12X > T19234 IO TEBRTHER S I, [Hi/- 2o
TN (@ new type of secondary radiation) ] & L T1928
FlHE s nM CoBRIGRY EOFHFER L LTE
KedbDThHozZ L, FEPL DT H2EKRDIIZ04F
2/ =V BEE A ZEL TV I LWL TH
Bo —HIZ, W XD R RGFISHEEROLAL (I E
FEOERBEN L E-oTHRW) 25 SR TREN T~
YHEMTH L, 2L, TV U HELO BELRTTARNE L A
) —BELOBREE & LT B L1075 & AR D NS0, BR
L= —x BT 5L~y FORE IS
B3, WE R I CEURRREE S B A L, MR ISR 23805 2 5|
ERITMAT, BB LDEMDS AR PIVDINY Z

& (excessive feebleness) 1705, MO Z OB Clx, £72
BT IZHL T L AV TO AT MV ORI 45 7%
EZFfo TR P57 ZDR, T~ Y 06Hns v x4
YRS 2 5 F TITIE, 19235 O FEEEH S FEIZH504E
IR A AELE 72 o 72,

19734, WAALFIHTIL S 7z LB T IS WE L 72
Y)Y UGl B 5 RAME T <~ HIELBLSR (SERS) 27
FER SN2 (RO I1X19744F, Fleischmann b 12 &
28 20T~ Ny FOFELCEWESHRIER, kI
LB 7Ty FEERL, ROHSTEOBIH %
LUREE L2 & T, REMFHIHICT L -0 AV —% 3
7eb L7zo &OFERMICEIN S N/SERSHEIZOWTHE
H, %l % |ZJeanmaire & Van Duyne'™, Albrecht&
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Creighton™ & @ 7))L — 712 X - T19774F, FHFLAY 215
AN ZALDFHENT. TSI, BRI B X 0L
FRN R L HSERSOMR A H = A NIRRT 5 &, &
NENRRIE S N7z, TIE ORIRD L —F — REH R Rl
LN BT S 12 BTEALER 7 7 X € » O HE
WIRRET A EFHMENDIIH L, BEOFRIIEERL
WEWES T COBMBEZ GOHEMERICHET S L
RSN MEICBIT2HE LT~ Y HEMICEHT 21
LD AN = ALRHEFRITE LT, SERSE H WK
BHEGHD LD EAIC D, BEE ORI BN %O
oW HEEE L CREEBRTOAL S T EALFN - EE
17 (in situ) AR 24T ) R E RN LD Ld o T
<o

ZF Otk Fifix BEALFAIHIL T A R0b Y12, K@i
F ) REER A REE RIS L CROE S5 HifrtB s S
%5 Z & T, SERSHEENSHICER L, /77 /U0
Ui LR - o iz X0, WER T E
1ER % A % SERSIANT FEAGE T OAE A 13 & D 204E T
ZELIRREL, 4%/ SR r R oRMOMEH &1
nmb Y P OMFETHEST L EHFRETH L, 1ER
LT, by Ty RO Jua—F &, aaAq
REHWLR LTy THOENT 70 —F2d 5,
Ny T EFy R TO—F Tk, ¥4 7 0AT7— VD)L
7 MR AR - BHE S A 2 LI X o TH / REELR
b —J, Rba7 vy 7HT7 7u—FTiL, K15
T, HHEWVIET TAY = EOMEE DT ORAENRD
L CHESET B, & 1 ST RO 4 2H510 nm
~100 nmDFEIHIZ 2 5 &, T DOEKE T 7 X M4
WHEH L, e ZOMEDGTF DT~ M55 % BHEIH
D BEIEDIEHE SN B, SERSOBERIE AL, T/ Mk
W 2EHE 79 X ELYOFREREEFOHmSICL -
TRELENMT . 2O, F I/ HEROY A X, IR,
LM, BLXOBEEEM, a7y o VR E) 255
ST A LI VETRSI AT HBEZTBETE, HH
PEDENSERST — 4 2 HUET 5 2 &AM REE 0 b T —
Y OFRELNEE DL & TEEGITOAE ST BRI %
LAHEIZT 5o SERSO E 5% 2 EBICOWT, £HoL
Ca—REHEICZOFMlTEN TS,

FEDOESFTEH T, BN 2EFBEIRS S, Rt
TR 5 KA EORE - HEAIZ O W TS 2729
L2, SEBRIY - PRERAY N BERE SR & SRS AR - SR
HZEDNEE L 5T D, 19804F A 1422 DL o F1H A
b, @R o AEEICL > THIEICERS L
Clavilier BV HEE B RMAPHTE - BA SN/ L TELVE
B2 FIF72T, 5% ) Millerfe 8 CHRAL T X 2 Hh K
TOESACFE AT H 2 & T, £EEE BRI
ZBENOAHBI D EEN A S Lz & 512 2 o FmER i
DHEAN & o T, BMEE - st 2 & o 7= 7 RIaFk
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FHRRHERNS I 2L — Y a VHERRE CREE - R
L72e 2 TR T ~ > - IV & v o Fzin
situSGEE, BRI L O LEICHEEE OB LS
B BUSE & [ R R 0 2 % RSB 5 2 28T
257, BRALF EBEMBEB L OSBRI ST SO —F
A EDE L LT, BRALFNSEM T OB AEIZS
F 5 EFBE(ET) 70t 2 ORAMEIAS, 02040
TREIHI SN TE 7,

S TR 2 KRR L OIS, T4 b F — 25 fffil
WRNAF AT =2 a VEBORBIZBIFARHHE
T, EHEOF — APREFENT 72O Din situT <~
I HTNZDOWTHNT Do ST TEHVEBMLTBE
WO, 7/ AT = VTORBFFEFFMZ TS 3 5in
situsFAliy — v &, 3DICHEEE L 720 / ik ik e, e
Y AT LR EOBEMLRREEMAGDLEDLZEIZL >
T, TNF TR TD o 78R BT 7 0 A RH
HAER % BESET 5 HEise s 2 90 0 # < MiF o 7 v v A
L6 LTANDEN) T ETH A,

FEXCDOWLT

TRXTCODin situ7 ~ B IIFILENR T ~ B
LabRAM HR800(Horiba Jobin Yvon#Lid) ASHW S 7z

F— %R, B & I 22 5 R BE TR 72 SURE
ORI ZATH D TE B AFBIEEOE VWL >~
Z (OlympusBLMPLFLN, %50 x : BIILI%0.5) % H v,
¥4k — FIRER L — =386 (DPSS) & N1 7 A 4 »
L ==k EIEZN 21532 nm &£ 632.8 nm) D &
H 5 H3~6 mWHREE & EHER 2 1)) CRUBL I HRGT L
720 T Y HELIED I I T BEL G AL E & 3R L 72,

Figure 1 (A) #£ &£ 55~ > FE#M#ELabRAM HR800 & (B) HfEDKel-F5
KERILFE R



¥ 72, BIEDKel-F# (polychlorotrifluoroethylene :
PCTFE) XL+ IV % in sitwllE 2 JH 72 (Figure 1B) o
AUV EERICHERED D D, S SR O F4EH,
RIS RES S Z NN 1 5N T 513,
HAREMEBROWM A ZZITTH Y, 5l Rk
FREZELT I & % KB AR 5 2 L5
EoTW5h,

FAZ )y ZRNVE A MY — (CV) IEHE 2 ARG 1S
xf LC, MBS R A 155 720 O IIN 7 B AR AL AR
EFEE L TRE 27 —%FETHL, ZO0BEMEOM %,
—EDFEAHEE CRMEN F W TN ER L CREIT 52
T, [BEROBMZER IS EOBBERME,
mL7-BA OB E L Citiks %0

H&RMIZB I 2 EEILHA %2 —BILRE (CO) oS B
L OBALRIRE, /NS S FOBBIGIZB VTR D
FED OB 2 RSSO —2I2 R bbb, 72, CO
W EARE S TR EBIZB I 2 A4 T 7 — FiliEo filit
FEL T2, 202 RS, ¥4 X - IRz b
O—)V L7-HlEeS /T RS, BTV E LTHSE
HASSEMIZOWTYH, BAILFHCONE B & ORI
IO HFERN D 7z o THFFE S, KMHEGE & Al g
E DBV S 2 5 T b, HA&RE L ToOlE
COMTEMEMFEEAM L O RISIZHED { COMALIE
&, Langmuir-Hinshelwood®! X 7 = X A HIF & T v
bo (MEMRBZEAMDE L, HELEDOKGFOBRILIF
BEIZ X > TSN AEEOH L IRE & 5,)0.1 M HoSOy
FIZBIT A2 HERT EOCOMILOCVIE, R s L T2k
DL =27, bbb 7L E—2(0509 V) & ZIHk

Figure 2 CO%£3f1& £70.1 M H2S04(Z$(F 3Pt (100) EDCODH
ATV IRNEETS L EIY A VIVER, E25ETRTo
ERESBIZNEINT /— R - Y- FOEMIBEIERT,
(%;%Szﬁksct 1), 3F5 %15 TE#, Copyright 2014, Elsevier
Ltd.
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AL YO — 27 (095 V) 2R L, CORfb 7tk A
2BLMECHEATS 5 2 & ZIRIE L T\ % (Figure 2HL5EM) o A
A= 3BECHELME) 77 A4 b LOWAECO
DRI BT 5, —F, FTLE=ZIZ AT v FRKIGH
EWVo 72IEET A MZBIACOMILISRER S NG &% 2
LNTE, 7L E— 7 OfffE &R E S0 R TR
1%, KBGO & %, COOMER, B L UHio KL
UG U TR B, 2OT LY — 7 OREEIL, B0 -
72Pt(100)-(1 x 1) BARTH D, FmCOWBEER DL A ITHFIZHH
Zrhbh, ELORETL, 2AHOCVTIHEET S
(Figure 2f#541) o

Pt(100) EHDOJEE % T LY — 7 OFE A S = X5 L 852
A7 WVICBITBEFDOHIAH X LOERIL, ZHE TH
BN o TV h o 7o, X HIIHEBDin situT 70 —
F, ThbbERR N v ROVIAMSE (STM) &in situT <
Yot R, B EAALF LA G DY, in sitwlRRELC
BUFACOF VY -2 ORE 70+ ZADMWE k2L, i&
Ph, WG - Wi 70 &) OIR % ks 729,

ZOWZETIE, ¥ VB I ok THER T ~ v ok
(SHINERS) & W9 FihaEA L, FH 2Pt (100) Z20H (2%
EL72COGTDIXVETDMEERIT o 72, BH I,
SERSHIE DEBREM & LT, &R O L 0k
s, ML F 721k s b S - RE xS 2 0%
WdH Do LA LSHINERSHEIISERSFH GBI D —>
<O E&2~3 nmo Y ) A IEICHE S 24 kT
EWFT T T THAIMMET R LEEL I A~Y—
A MJEFATHZ) E LTV, SRS 2P 72 K -
WCHEDOHB LT, ZOFBOMNEHTF DT~ G50
S5, LAL, YA Y2 vdid b7zl ALFmIC
DEXRMICD &)/ Wk 7055 5557 B £ O AR & A
HERT 22 & E %\, DF 0, SHINERSHE TIZ I % 3
Mz 2 ENTE, Wk bEMORNTLRHRGTO
SERSHIENTRETH B ZDFEERTIE, CODFII4eT /
IS 9, PL(100) OFMIZOAREAE T 5720, 8
WEND T~ M5513Pt(100) FHOWAECONDATH D Z
ENHERR SN TV D,

Figure 3A, 3DIZ, Pt (100) ZHOWAECODENKSE T~
YHHANRT MIVERIRT ., T VN FIZATT~484, 1869
~1877, B X 1U72054~2080 cm NZH N, F1ZFHon-top
Pt-COf##i (v (Pt-COL)), bridge COfdifiE (v (COp)), B
X Uon-top COffifi (v (COL)) IZJFIE & 7zs 407 cm ™ 'fif
TDY 2 Vg —1E, bridge®Pt-COMifEE— F (v (Pt-
COp)ICHINTHELEEZLNL, TV AXRY MVT,
bridgeB & Con-topD £ — FHRFE I N/2Z L1k, COM
T OB F A L 72 B1- g o BURLAY 72 45 65 1) et
THhY, Thidin situ STMEIEL2S b RENT WD,
Figure 3121, IRIBDOT / — R/ # v — Figsle, i
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Figure 3 CO#&ME ¥ 720.1 M H2SO4H 25 1+ 5Pt(100) EDCOWBEEBNEMEKIFSHINEREFE AT MLU(A D) &, S EEHECT7 B, E) L
TEDHRE(C, F) %, v (Pt-COL) (A-C) & v (COL) (D-F) DB E— RICDWTR L 7o (BEXB8EL V), 3£ %18 Ta&#, Copyright 2014, Elsevier

Ltd.)

WL2EBE DT ) — Figglon 5~ > A7 hL, on-top
CONY FORGREL I~ 37 POBMNIKGEEY F &
D7z RN (0.2-04 V) TlX, Z2DCONY FDOTF~
v 7 MEEMR BT 2L E RS, O, CONY
FOREHREMIE—ETd Do ZIIStarkFhHFIZ L 2 X
R MVHRTH L, TOH%, BEME(E>05 V) TIEHE
WD 7 MERDPZEALT 5o 2T HECOS TR TD
MEAEH O LRINT ZRIET 50 FRIEEICHESRED
BKFTHIEhs, HEEH EOCORBERIMET LS
EWREENE, EHLHLDELL T LE—7 Tut ZADH
TR X 0 BB CHETT S 5o in situ STMIME Tl&, FEbf
OWEEEALDNE=083 VirblhE 5 Z LAvREn -0, &
fx E5HI277 ZNZwmEIL, 0.86 VIZT 4 &, Pt(100) 5%
T O FH % Cd 5 K & % BRSO % A & F 45
Fo5| WP NBEIEH - ET a0 AAVRE Nz, 22
TIEMTREIE, 7L E—2%04 VOEHT HIZHHES
3, STMEllZEZ B\ TUIAEEZALASBI & 1172 0120.83 V
PbEThHorzl, oFh 2L, B COEEIRBT 5,
TLE—= 7 PB/MO EFIZE ) BR S D HEEZL - Kb
YA FTHIERIEND, LWIEHERET LI L5
CREBELTWA,

CODT VL= ACVIZHE N2 HDOEMY A 71) »
7 ClE(Figure 2), 7~ v A7 MV & 22287 2%
ARG RE b, 2F D09 VAEE T, K&7%Y 7 ME
HOEED A SN h o7z, EHITFHAIL, 204 7 VRIS
A7) 728 ) CO% VA & ARSI 22 & 5242
&, 2ok, 01 VICHIINT 2 2 & TRERE Sh-A4
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Fi (0.1 V)ICCO% FE 8728, IMHBDT / — Ffjl
1B 2 EBEALFEWINE, 2F ) TV E— 7 2 HET
XL ERRM LI T2 BAF WS D EALFEI
TCOERFRMUL7HE, L E—27 OB HZE /NS
{Tpolze 2TNHOEAGERIX, Pt (100)FMH O ANH] 35 1Y
AL T L E— 7 BRI OB oo b F 5 —H D
HLE R VE), 2F VCOTEEIIHmE LB THR
MU7235610, BEM TREZELL72Pt(100) KK TY, 7
LE— 75D S 2 R A2 HHT 5 2 LB TE LV,

7L ¥ — 7 FHIIZ BT 5Pt (100) D215 & FGEALICRE b
BRD AN Z AL RS B0, WHERLT A M IS
Mz T, U ED A% 5 $THEME L TOWFECODE
B % BET S B B B Do FEE DIHHEY A O ERIZL
TT VY= 7O RED T S 2 SN L T REMEATHC©
&%, COMLTIL, COLMREFHEMRMHIHES A -
W7 7B ATERITIUL R S %\, L7zh> T, Pt(100)F
OGO R OE & LT, EHEMIZEER T A FACO
2 X o TEDPN, BEREATEOTR R WG AP F 7z ik
W ZOBOCODIBILDUITOENL E W) T ENEZS
NDo ZOWRBNNE - TIRAIZCVTOFTH & in situBii%
B5 - IO LA G DA, Pt(100) EWIZH T AHCORRAL
FOGD 7L ¥ — 7 Btk o A LIC DV TR AT 72, 0.1 V
[2CPt (100) RHENZCOX g L7236, W KFED—HBA
COW A58 (W By FJg) IS S N2 & T, FFED
CO7V—HA "ML mEHREINLLEEZLNL, 2D
DA N TIIWEKREDPE>04 VTHBEL, BAMICEEE
GHM CO BLUBAF L ICEI) 5DoNL, BESH



FEIZEBEOCOS T L EVIMEH LAV, RS THEILE
SALFIALICE Y, REMFEH T T L E—2 & LTHA
%o BMEE>09 VETLEIFAE, 75294 L TOCOEE
LR E 2. ZOHD AV — FIFHITIECOH 25, Ik
NI EOTA P ELHERN SR B, MEESAME
DI HEZHEST D, D20, 2BHD T/ — FiF5I Tl
CODTVLE =7l SNDE, ZDAHZALTIX, Bk
AL - KA A MERB T, 7L E— 2 EEIEI SN
LB G A WER CHPTE b,

AT HAE SRR SANE S, ST Tk & L Cin situ
STMB & Win situ SHINERSHHT Z MlAEbE D Z & T,
AR | DAL ARIBRAL USRI B & O BUSHERE & %
9% 2 LB L7,

KREF O BALIRFE (CO) ERFEDOF L WL, bk
B OMRBER BARIEIE & Vo 72 & 5 7% 5 NBIGEI S 725
¥, HIROGEANDE KR L BB OV TR 2 5 B
HOBLERVICED TE L, 2T OCOSHE %K
TEEZ7200, COD ML MEHEC BT 2 54 oA
FZEINTWD, ZDOH N THHIZCODELRALFARIT
o 72 R T L DL, 18704 D Royer D JEERAY T
T TR LIPS T LR, B2 F TV 5, COs
DELACENEITCIIEROE T - 70 b v BE2En, =
HOKMEBEA R T, CO, FMHE, HAbAKFE (CHy, CoHy,
CoHe) BL U7 )V 22—V (CH30H, CH;0H, 1-7 1,8/ —
V) ISHE SIS o 198044121, Hori B 2%k 4 70 42 B Ak
2B 5 CODELALFAMFIT BN DOV T, B
B4 5RO L HE L2, EES 38R
CODZEMREMNZESONT ZOD TNV —FIZHHE L 720 —
DFFIZCOE AR L (Cu, Au, Ag, Pt, Pd, Zn, NiB X "
Ga), b9 — DX FEIEE LK T 5 (Hg, Pb, Tl Cd, In,
Sn). HEOEBOHT, FEIROABIIFT 5@ iEMEE
HEFERPHEEERE RN TELIERI X IS, ARN
HH SN TE 72, Sn/SnOxfilif R T, AR o #IRE L
PUBRNERIE S £ S E R ERGFHICAL SN, —BlE LT,
TR, (LSRR ALK, IR, CODIET) - 1B,
BWEE, BLOERROpHE R EVETONL, 20720,
CODBELALFWETTIC &L 2 FBRERD 7 7 77—
(FE) O#EMEIX, 75 CHIZBVTE~90% & K& LEDDH
%o

FUB ST BT 5 fAlsE o 3600 2 Fe k2 573~ 5 2 & 14,
T OMIEEE, 37205 UG, #EIRYE, B X ORI ER
TOLAIBUEEEEEIRT 57201 K pE v, L
Pl A=, F/ HEE R FEOMBEORER - (LR
PRI U B RSN 2 BN L%, EBEOBMFEE VAT
OEMT O AW, DF ) “operando” THET 5 Z L1345

LB LMETH L, TALMR, FXRFTUF - FTT
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GbEE, R OB OIS A TV s
A LA bR Z IRt CE DAL R EMTH Do 21U
I 0l e o, G, ZEN, oF D IEBILA XD
WEEB L OCO0EEALZREITEM IS T 5, IInA Rk
WOREPE L OB Z DD 5 Z EDTREE 70 5o

®1: FRT VN YU T U o 7o
PERTAGTF:C, FERUG ST C IR il B AR A <0 SO A2 B
DIFTNEIA L - F Y TA 25H T o

Z 2 CTEBORELA Xl o b2 & BAALE TR 5
T CHERT L2012, AT VR - I vk E
i L7z k& L CRITEMRIL 75 7 =~ (rGO) IZHEFF L
7oL AR F R T (SnO2 NP) % B & L CHRL -
L, SHpHl CTOKBRICBIT 5 CODEMETT%
177213, BFEOIHEA S, BRILA X D% EEAPH & FIN
SN EMENOMEIEHESINL I EPHL NI - T
Wi7zd " LaldpH 85~12% RS T VA UM E 213
597 V7 ) VO & W72 5E 21T - 720 I oI
H72oTiE, BHOpHED SN 5 £ T0.5 MONaOHE
EANOCOD WS % HIH 5 2 ke iz,

— DO BAMAKATOEFHIRE T ~ v AT M VIZIE, 478,
628, BL U770 cm HUZB VT, VFIVEISnOUZH KT 2
ZODFI R T < Ny B SNz TS IEE,,
Ay, BXUBDE— FiZJiE &5 (Figure 4A), CO:
LA RO & [ U AL BT, SnO; NPHAAED
SIESNNDOESACENR I HEITT S0 L7255 T, SnO2
NP ECTo#ETEmICIE, COMLITHEI & I4T L T, SnO:
NPHEOEBESn~ORILBIRAVEL Y, ZO%5HT 5
ZLIIREETH B, F I THREOBRMEOMIN T BEALT
572012, ZBpHBEEEIZOWT, 628 cn 'O A f Y ¥ —2
DR RPE 2 EAREM ISR LT 71w b L7z (Figure 4B).
7uy OB, S ZOOBMBEE (I~ IZKGTE
720 (1) EREEDOSNOAM O, (11)SnO225%B5- 912 (20
~25%) &JESn~i=TC & oA EsEIR, (1) Sn0224:)%Sn
IZEEIRIC SN tR0HEE LT, ZNFNXB) L 72,
FHIE T 205 I ~OEERIE, pH 85D EMIE TIE—0.5 VI
U, pH 9.7 120TIE—0.7 VIZRA S N7z, fHIE I O il
VLI T DMED#T5~80% T, E<—1.2 VI THEMILIZ
IF—ETHolze BT, FABLUA F U5y~ b
7574 = HOTZEEW G AT ) 28T, FRRIEA K
2B A7 7 773 (FE) OMEAS, i OpHAE & BAL
EDOBEL L LTS L7z (Figure 4C)s

FEDRITEMH (SnO.D A M #IRME) & T~ > 53 65 Hr O #%
B (SnOD ) XIS 2 2 & T, FERE AR OFED L
IR OFRALIREE 20 RS T 5 2 EAVR S N7z, RIS
DHV— REM(D)IZBWTI, FEZEBEMOEKTIZD
NTEAT LD, 51274 F AMOTENFE CFEMARA
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Figure 4 I EHBJMEPHICH D, BRIEKTFUEDANRT L RES T
2B . (A)pH Q. 7B DERIKIET 7 > ANXY ML, (B)AT ¥
L E— 7 OEMEE, (C)EIMERDERHE L TOFEME, (3T
1207 -2 5, FHEEEBTHI Oy b, Copyright 2015
American Chemical Society)

RAMAED BE, &5 (T WEMSEE (D) T, it
EAZEESHIEITT S, FMIEENFEL ALK — 27 Ol
FEAST )7 & L A L 720 BURIEW Z 12, ZFE/H
DIRKMEZ, B FEWICZE RN EESnE SN EM
(F—=NREALT 7T MEDERES) B LTS
I2h Db 5T, EEEEE T TlaSn0: NPORTTIZE) 5
BT I S L, A ASER 91 LA TE S 9, SnOAH
PHIRE L RO 2 EARENT,

FRG VN T UaNEERVAEZ LT, EWELTT
DARXBEREDCORETALFHIRICIZ L Y, FEEZ T
LR IC BV, RIEERLY O3 1 e AL S EE 2
BB Z PeFed CENHEIE I Nz FRRD X )12, A 1FHE
B TICBIT AT VK - 5 ot oET b
PAFERET 5 LR, 7 AT — Vo R — v &
TR ReE & 2 ERRIAGDELZ EI2ED, CO,
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HEAEFEH O X
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125D  EY ERAL A (MET) O3 EADOEZY) D
7z, SRS 2 BR & LT, AR & A8 4 oREMEMAEY
CEOMTHELIFRE 7O ADITE A D BRI
v, g b AV ORI ALE T B~ 2 1 A (OMC)
T 230D ETH D, 20720, Mkl & B o
TOMCEMLRENLZBERNI I 2= —2 a3 v &l
L, R A KRS L2 812X ), METTOMEY
OERNLBRAEEZEDOI KL /N7 + =< v A0M Ex X
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*2  MENETEEL EOH L OMERRH T FTh L RE
PENPE % 9 5 A . BARIIIZ XA R 72 & IR & RIL S
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BT WA LML HEY O FRTEKEMEY BT
CENTE, SHLICHOHMTX 2MAEW ORI A E L7z
BREENA T~ A FFIH LB Y AT ANOIEHH 2
INTW5,

BEAIOMABR Y CIIR b S WERFEL2EY T LD
T & L BRI EEMAEY D Geobacter sulfurreducens
(Gs) X, Shewanella oneidensislalkk, FEMEMAEW O HT
ORI E SN T2 ROREMTH 5, GsEMD
OMCIZEEEBHBA~OBEHEN 2 EFREN(ET) ) L &h
bHo 2OTUEAFOMCOREDKE HIBE S NAMIET
EEBICHEREL 2L 25200 b RBEN S, EHEHA
7T U FRETOETIZ BT 2OMCOEE DS F 7215 1B
NTWVZRWIRM T, BRALFMINE L OMCOREEZLLD
SR E NS OV CRRET L, BRI T IS8T 2 B Al
RS 2 MEFHRET 70t 2 OB ME 2 1E % B
B4 52 ENEETH D,

Feo T, SEMBICEREAE S 72 CsHBoBRALSEM
T & MO ZEALE | i situsy 6, SEMETE, BL O
BRI TEZ MG b TEE L2, e ok
&, (BRI AT BT S T 2 i S A L
TOERAFIH L, in sita E-T-H DM (AFM) 2 #
AEDLETCsOY THTBOEL I L, KM ER
MG SEEE (SEIRAS) B L N F v v 7€ — FRIE RS
< V46 (GM-SERS) # #ilA Gb 8 T Gs /BRI Din
SitudD TR S VETERE E KETEET L2 LT
H5bo
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ZNZHEEL72Au(111) B X Ag (111) B\ b1 EW S
L, GsOW 7 H4 718 (subML : # 7 AT10-20 % FLEE O
BE)FERCEL, 2OL EEBITET FF—ok# %
72920 mMORBERRIE & &F L 72 B iR RIEREE T 12
D, FEEH 520 CONECODRET A (4 DIZK DB
BEFADLDEMH L7720 SNHDOEMIZLY, Gl
BRI E L CREMERM IS T 5. 128H D551
PR DG S T2 2 OBEWEAE R OTLREIZOWT, &
T-BEMEEE (SEM) & situ AFMIZ X 2 5 VEE-E 2 5, W
FTIZBWTH, H—I250 L7z mEWMRass, 7L C
EREIZL o) EfFE L TWD 2 LRI NI, Gs
ML OEIX100 pm*22 &P TIO = 2MT, ZIE10% D
BERICHL T 5. ZDsubMLOEHIZ L - T, DEDin
situsd AT T, T AR AT Tl % <, A, &
WFRE CTHOET 7Ot ADAE BN TE B,

Au (111) Lo GslasubML O E LA b 09 L s Teih 1t %,
CV%HWToH# L7z (Figure 5A) ., CVTIZRALETLIES
PAEZEBH SN2 Lh s, MAEERRRINEO—HAE
o +HEniiEICH Y, REA ML CETL TS HE
FWEEITH b, B A 7NV 5H 2 LT, REMBET
FOFALRICEIRATEHZ AT L, 554 7 v iRiZiziziz
EHIRFEIZE L 720 MIST ARV EZ T 20%, HRAEE
e ZNFN—-012 VE-033 VETH2HDOE — 7 %2 4%
& 9% (Figure 5A) . EHWIREIZBIT D b 0ELL
SEIEEEY L, REICHRE SN2BRILET 70 A 2R LT
BY, ZofbEICEMIIMESOH Y b2 1 A (OmeZ)
ZBUT 2 LT o HE & 7 CHRICH - 7207

CVERR L FEEIZ, WIEESHE-SEIRA (ATR-SEIRA) A
NRZ PVTY, 5 A 7 VB GFIISE D E R IRREZ
ET D, COE EOFEENIEMIIH LT SR L 0%

Figure 5 (A)Au(111) EDGs subMLDH A 71y TRIVEET T Lo EEEEIF0.01 Vs™'o BoR 1 T 701, [REER: H 4 TI2~7, FHAAE : 3
T35H17)L8NDCV (ER), (B)Ag NPEEA S h7-Gs subMLOBALIKTFIEGM-SERZX XY ML, ZhZh, 0.0 VOERLIREE (L), —0.6 ViR
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Bo BAMMEZILL 5L, 1686 cm™ I2BIF 57 I F 1 HE
DY T F VDALY AL, W Y — FEAERORHK
DZEMB L OMHEE— NomE KL M, 7I R 2
KON ZDHRDOT 7 — FETFIKT LA, 29 L
T2 EBOBINERE?S, kD &) 2 EE LM A S 9212
olze (1) GsHifam Tl & B Ll oM 2T & KT 5
WA A7) U 7B AERSEIRAA RS MV OT]
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LWV EATRIE SN D, (i) AR 4 s A~
OEMHRBLENII A r—3 3 YRR T 5, (i)
1659 cm ' (BRALIRTE) 7051686 cm 'GEITIREE) T TO T
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Fo 8 vy BOZRMEEDZAL (a -~ v 7 ARE -
=N ERBLTWS, ¥ 8y BiEEIZ BT 5 EY
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UL DB LA E (2> 71 Falb—2a )8
CHREMEAVRIZ S Tz

S b7 AC= v b (OmceZ7 &) DAL HFL o
2N, i situ GM-SERSZ HW T, fEEALF1YH
T COREETREIC L 2MEL(Lr BEH%T L 2L
HTE Do, GM-SERSTIZH 55 nmD )/ fi 1 (Ag
NP) % 2E7 7+ & LT L 720 A1 % Gsil & iR A
L72%C, B2 AGEM FIZ, subMLOBEEER (10%) 45
BT L7z Ag NPEAgDFIE & DA G LML 72
FrREmphie L — 49— (P &E532 nm) = #IR L 720 Td -/
BFOTI7XEAERZF TR, ANLAHLOQNY R
PUZ D RFIE T 2 R T, KM EILE 7~ SRR E2FH L
720

Figure 5BIZ, Gs®DsubMLOERILAE (0.0 V) B L OEICE!
(—=0.6 V)IZBIFHCGM-SERSILE % 71§ o /N FIEATA &
WD 2 DNy FEHEIRIET 5 2 EAREETH B
B, MK GsRB ORENE 5 < v AT PV E DI X 5

TEIREE (F) o TNOEDZNYT MILIEA =532 nmOMRRICE B hA(L—F—HAT mW, 150 mmDF 7+ —H X, BEIERE10 s), (C)GM-
SERZNRY MIVEED v 15182 RORA DD SBIG L 2BLE (FROEF) ST (FRO=AF) DEMKEFEIL DK (Xa), RiFII—S 78
IBETRIED RV ZMKD T 4w FERT, (XEN1ADT—42h 5, FHEEBTHE IOy b, Copyright 2014 the Owner Societies)
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T, AR O Y b7 a2 iRl 572003 FosH
SN o 7z, BRI GsHLCld, A VIRRER T~ —
B =N Ry 2L v 10DRENPS, NADPL ATV B
O FF= v EFMEMT & L, ARAMEA Y CIREEIC
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L NP S N0 = VG Oz ) v 77 ) =Y
YT E—FREREL TS, FITHRILETTY— I —NY F
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Bz B % 7R L7z (Figure 5C) o & D GsDsubMLIZBIT 5
Al T 7 0 £ AN BT B RGELICOWT, Zo0mik
FICRAE DO AR IR EE & EVINEAREAL OB & L CNernst
KX oE T2 LT, ARIEELEITEM -0.32 V,
BRI 8AE 7z HIE OIZCVERR TS
N7 GsHEEDOFALRICEMOFP & L~ 2, %E&
I — R EEFOH Y My a A LRI E RS
BUAHHHE Q) 2R TH S, ZOfEIE, R bE
BN EOS NS LI ERBLTBY, 70— %
=2 %R_RTARNVY AR )=Fug 74 0E L —%TF
bhofAE Y /A Yo FIZL L, Ay —H —
E—Fv2 v3BIPVvIONGHET LI EIIFFESRET
HHH, COBBOMEIZOVWTRELHL LI Z>TW
QU

xld, SEEME B REME FOOMC)S, ZOMERLE
AL VR %tk AR BE O BARTE AL IS DT 2
TV LR E , in situ I FHEOTEIZ L - T
RTZENTE, CORER R, H ORI T
(SAM) DE AN & o CTHUEY /BRI M H AL 25 5
IZONTHAT B, K512, i3, BHEDIERE &3
et w-BREMET LV F I — IV OSAM TAuTER % 15 i
L, Gs#ifa % E5Eitd 5 2 & T, SAMO KBS & Gs
> B A FERFE LR § 2 BEAL T 2 d 20
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RMBELILFIZIED W72, MEYMBOsubMLIZE T %
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Life Science Analytical Tools for Real Life Problems

KHHE, THEOERABPOLFICERTI L, S IFHHEKEVNERER
PERE D, ARHIKDPTRINI N B2 &b H B D, EROFMICE > TIENk
DG, REt, BELE U TEBIE N5, HORIBAY L — TREE S X T Lt
25EBF9 (HORIBA Scientific) Tld, 2h > DRFEBETE T 3 =D DAL
B(Y—)E8EL, I—H—(C&BEH0 - PHEZEL WS, 2h D
DY —IVIEHEBICH T 2MEBEOERICHVNSO NS EZDL, SESEEHELEH
THRRARTIFHPIVELDZ, EVDFFAI THI I IDHREFIL, &
FREIKEL, BELHLAEZHKEIIEELTIB TH D, 1, 8, b
NESTCEYORZHARICKETS2H5023HMIETI 71T X
ICDHEE NS, KBTI, 171 I AN, EEZRE LIUVEED
FEEICH T BHORIBARZDELETBMICZA KRy NEYT, 2h5HPHED
A4 & BETE DR & LB T B,

Marinella SANDROS

Fran ADAR

When light interacts with matter (i.e. molecule/sample) many interesting
phenomena occur. Light may get absorbed by your sample and depending on
the sample properties you will observe light emission, reflection and scattering.
HORIBA Scientific builds tools that measure these phenomena allowing our
users to gain meaningful information about their samples. This information is
used to solve outstanding problems in research or guide scientists to monitor
product development in various fields. Life Science, in particular, is an attractive
market because, over the years, it has experienced exponential growth, and
continues to do so. All the divisions that engage in the scientific study of living
organisms including plants, animals and human beings fall under the life science
umbrella. This article will highlight the key contributions our products offer in the
life science sub-divisions - pharmaceutical and health sciences - and will
compare their advantages over existing technologies.

EU®HIC

HORIBA ScientificlZ, Wl L fb2toWfsex B &
T ARFE T S E R 2 IS LA = RE)
Ml e BFEIChOI o THEL, LTI, ZOMRIET
AT AT ATHITIRK L T b #EHMT LT TIZT
A THA T ARLBOTLLFHEN TV, [RE 7T
A® G A 2= 2 7 J(SPRI) & MAZI A FrEd s He 4
DEGTA NMb b ETH-RERT A7 947
TA LV AOBEEDOFEBEILGZ H72D1E, HIEEER Y
T MY 2 TR B = — AR SR AL O TR 5
FLIZEEICE o TWwWAZ ML 2R 5%
Vi TA T AL ACBIFLEEOELRBALIE, 4D
BEAPHEO V) 2 —2a VAR TE A0 ED DIlH
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50T A4 T AT AHERL T2 RMEE RS 5121,
TSP B 2 AR 5N AS, FOMEDH B EE L
ez Do RETIRHEA, N+ TuvX, EZNZH
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SH
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(Figure 1B) 7%, ¥FEDHSH, D F ) BSADHEIZB VT,
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Figure 1 A schematic comparison between small molecule (TAXOL) and protein (antibody IMMUNOGLOBULIN) drugs.
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Ethanol Effect
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Figure 2 Raman Analysis of lysozyme (200 mg/mL) in 20 mM Citrate-PBS buffer at pH 4.0 before and after the addition of 20 % ethanol. Sample
was excited with a 532 nm laser and a grating of 1800 lines/mm was used on the XploRA, a 200 mm focal length instrument.""?
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Figure 3 Comparison of the Trp band at 1555 cm™ full width half maximum (FWHM) width (top left) and /sss//ss0 tyrosyl ratios (top right) at
concentrations ranging from 10 to 200 mg/mL. A schematic representation of the microenvironment around IgG molecules changes as
the concentration increases (bottom (i)-(iii)).”!
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EEM measurement

Parallel factor analysis (PARAFAC)

PARAFAC score transition during the cell proliferation
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Figure 4 Monitoring cell proliferation over 4 days using ATEEM. The EEM data were analyzed using PARAFAC analysis. As a result, four spectral
components were successfully extracted and assigned to tyrosine, tryptophan, NAD(P)H and Riboflavin.®!
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Figure 6 SPRi study of alpha lactalbumin (LAC) antibody binding to the microarray peptide pre-functionalized with various orientation of alpha
lactalbumin IgE epitopes LAC1_L, LAC1_B, LAC1_T. The SPRi association (A-C; association rates were deduced from 3 min of
association) and dissociation curves (D-F, dissociation rates were deduced from 4 h of dissociation) after the injection of 8 different
concentrations (0.98-500 nM) of the antibody (colored plots).”” (Reproduced with permission from ref.5, Copyright 2017, Elsevier)
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Figure 7

Raman
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Spectroscopic Analysis of Red Wines with A-TEEM Molecular Fingerprinting

ik ERT

Sakiko AKAJI

[EU&HIC

A-TEEM & (3 Absorbance-Transmission and fluorescence Excitation-
Emission Matrix D& T, HORIBAZ! =Yt FtiEEAqualoglliEE s h T
W3 i T & % (US patent 8901513), & DHEAtT#{E > T, KUIBTFE
ICH D0, BRmoMh, 2> NI EGTEL, Bf - RBEEICS
WTHEBELRABLNTA—RZRRTEHI N TE S, iEkAqualog
WWKSMBDEBEEZTWED, 74 20L5 LBROASHICHISH
TEBZEN DD -, Aqualogld B2 B LA RRMIN I~ ML % B
B/BTE, 71407/ —IVEBEEFEFMICEET, HuefB (71 >
BOBEW) LEEEE KD ZFICHEL 280, 420, 5208 £ 1620 nm
ICHBTDIMHIEZAET D ENTE S, Aqualogld BB I XY ML D
HATZ%, CIElabBZE ETHOEKIRTIRD TE %, Aqualogh g7 %
EEM (fluorescence Excitation-Emission Matrix) #g#% (%, NISTIZ#EE
BTREZINTEY (NISTRL—HTIL), PARAFAC (Parallel Factor
Analysis) ® X2 TP CA (Principal Components Analysis) & L\ 5 7=
ZEEBMBMERAVWTFHMET 22 &N TEZ. RODEELDIE, BhH I
F—E2HB2VWEEBRBT - 2DBMTIEIRETEE WY, TRIEEPTA
COFENRPBERDIRNPDEMETEEE R, AA-TEEMIER P 5Kk S
CENTEBRZETH D,

The patented (US patent 8901513) Aqualog which facilitates simultaneous
Absorbance- Transmission and fluorescence Excitation-Emission Matrix
(A-TEEM) technology, provides rapid access to a wide range of parameters of
significance in water treatment, drug and protein analysis as well as the food and
beverage industry. We think of Aqualog as an instrument for water analysis, but
find that it is adept at wine analysis and more. Aqualog acquires a complete UV-
VIS spectrum including the wine industry-standard Absorbance wavelength
values at 280, 420, 520 and 620 nm which are important to evaluate a wine’s
phenolic content, and derive characteristic Hue and Intensity values. Aqualog
also reports the Transmission spectrum which can be used to determine the
CIElab Tri-Coordinate color descriptions. Aqualog reports a NIST-traceable EEM
fingerprint which can be evaluated using multivariate statistics such as PARAFAC
(Parallel Factor Analysis) and PCA (Principal Components Analysis). Most
importantly, A-TEEM fingerprints yield qualitative and quantitative composition of
key flavor and color determinants in grape juice and wine that are not discernible
with simple Absorbance or Transmission data analysis.

BB RTA L, BESL, KIZRWTE o &b X<
WFIE SN SN T 5o i B A RIS 2R D, /N

A-TEEMOEAMTIZ LV, B RALEW O 5Tk & BUs: 204, BXOWEE SN T4 OREBRIG | 2E8 L T
L, Ao xEMEAEICFAET 2 &N TE L, 40, Who ZOEBIGIOBEIMIZE D vy, 20 THE DKy
AqualogZ ffivyZ OFAT 27T A4 VWG H L 726l % 3¢ 7 A VR F OMMOFABEANOGINIREA O fE kAN L
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Figure 2 Spectral consequence of the inner filter effect
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Table 1

Molecular groups Main contribution

Examples of individual molecules

anthocyanins color cyanidin-, petunidin-, delphinidin-, malvidin (-3-glucosides)
catechins bitterness monomeric flavon-3-ols catechin, epicatechin, epicatechin-gallate
tannins astringency polymers of flavon-3-ols catechin, epicatechin

non-flavonols antioxidants, sun screen

coumaric,caffeic, ferrulic,gallic acids, resveratrol

flavonols photoprotection

quercetin, myricetin, kaempferol, isorhamnetin, syringetin

J = VL FOBACDONBERE I BT REIZ 2 ), T4 v
F— U ESOMFDFR, T A DOREHIFIE, RN
GZEEEZEZROURT I EIEATE20TIEEEZS
ﬂ;a)o

Table 112, 71 > O TH 2 5E, BIRZEEB L OHE
BT L5k 72/ = VHEERT,

WNEZOT FYBLTT P RETIIBTEY v =
(tannins) & 7 ~ b ¥ 7 =~ (anthocyanins) DE=% 1) ~
TIWC&oT, A YBEEITEY) SN REL, B
FEORRELSHLE SN L ZN S DILFER T O=EE LD 2
EDTED, 7LV FTREIZBWTINS O GE% g
FTLILILLoTURFEFELIBIEL, KON D HRAEH
DIA AL EFHZENTE S,

Ty TZvES 0GR LB ERIE T R0
RFEZRHI RIS % o PUHIM6ELFEIC BT T
X UL EERERT Y VU ANORM R RS ELAE S
D, Ty YT S UEE RIS 5. T a5
NDE)BIRADDHOERRT LI LI 5,

AL, WOLRE & 46 (fluorescence excitation-
emission matrix, EEM) % [@l B (2 BU5§ 5 Bl 2 5o
Aqualog?®7 A YR S CTw b, Bfgeo £ HIY
IFA-TEEME 7 A ¥ OEBRR EH/ B &\ o 78RS
BEOHLHEE 2 MEAMNITEZ & TH S, 280, 420, 5208
F 0620 nmIZ BT AWEE & EEE B X U CIEREXIL,
T4 YEFIZBWT, 2070 Y AN, SHEETICBIT
DEFRBAEORTEIEbON L EELIFETH 5, IFEMIE
HAEEM#Z FW TPARAFACKRPCA &\ o 72 %5 m AT
THIELEY, A OBEPIEDITDHRIFD AT b
VIBER L BETHRAISET A ENTEL, 2DEHIZL
TELNAEREHNT, 74 ouy MM, HHE, B%
DT A VBET T X AN X B ORI A 7% 55
MWTEDEEDND,

A EERAE
MBI TDTY A TOHRIA VEMHEHLIZ. £T714 >

DAEERB L7 Kz Table 21257 T . Vv 7Lz it
AFVKRTHML, 1 cmBEEOHIEX)VIZT278 nmi
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Table 2

Production region Grape cultivar

50% Cabernet Sauvignon

ltaly (1taly) 50% Merlot
Italy (Italy N/A) ND
Chile Merlot
California (CA) Merlot
Argentina (Arg) Malbec

55% Cabernet Sauvignon
40% Merlot
5% Petit Verdot

50% Tempranillo
50% Gamacha

France (France)

Spain (Spain)
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) =~ A X v 7 %47V, EigenvectorftdSOLO/ S v 7 —
V% PARAFAC, B X UPCAMTIZAEIH L 720

HEREEBE
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&, BRI OB L OO ELR ) BB SN 20,
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L, 2OEEM”5E- &) & bhb0id, Bhike - 388 Ex/
Em) ¥'— 7 %%275/309 nmfiE12dH 5 UV TR 563 %
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Figure 3 Simultaneously recorded EEMs (A and B) and Absorbance and percent Transmission spectra (C and D) for a typical Italian red wine from a
freshly opened bottle Before (A and C) and After a one week exposure to air (B and D).
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Figure 4 Comparison of the Absorbance parameters (A) and Hue and
Intensity parameters (B) defined above, measured with Aqualog
for a series of freshly opened red wines from various countries.
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Figure 5 CIE 1931 x and y coordinates for each of the wine samples from
Figure 4.
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0.333-0.335) 1257 Ai L TWiZ bbb x, yDEZET — 4
RA Y M2, BEREN— LR LTV 5, Table 312,
Figure 3I/R L7zItaly 7 £ ¥ FVOWLE, B, B
L OCIEEM ST X — ¥ %R T, BlfeHi 2 & Btz o
fEEZZE LIV EZAZYA T ADEEZRLTEY), HH»
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<0.05) 7~ L 720 TALIZFigure 3 TR L72EEMEB L U
JEE - BBEEDO T — 5 E—F LTz, BE/XT X —F L
IZHL Twico Lo CCIEBERICED 287 A — 5
FRALIZ & 0 AR (p<0.05) 7R L7z

EEM PARAFACFE#T
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IR B X912, BHeEET N T v K—F v b OQJhiE A
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TA TR, QRET—T 4 Y7 RAaAT 2L 201 #
M L72o PARAFACKHRIII/IETET 1 v 7 4 ¥ 7 OVERE
B2 L W ERi & 1, core consistensy, 3 & U5S#EM
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Table 3 Absorbance, Hue, Intensity and CIE Lab color index parameters for the Italy wine sample shown in Figure 3 Before and After oxidation.

Absorbance Before 9 o A o
A620 1.14E+00 1.09E-02 2.11E+00 1.17E-02 -9.78E-01 1.60E-02
A520 4.12E+00 1.50E-02 7.15E+00 1.70E-02 -3.03E+00 2.27E-02
A420 4.14E+00 1.86E-02 7.60E+00 1.14E-02 -3.46E+00 2.18E-02
A280 5.30E+01 1.38E-01 8.21E+01 1.36E-01 -2.92E+01 1.93E-01
HUE 1.01E+00 5.82E-03 1.06E+00 2.99E-03 -5.69E-02 6.54E-03

Intensity 9.39E+00 2.63E-02 1.69E+01 2.36E-02 -7.47E+00 3.53E-02

CIE Lab

X 1.10E+02 3.00E-02 1.06E+02 3.39E-02 4.79E+00 4.53E-02

Y 1.09E+02 3.29E-02 1.03E+02 3.85E-02 5.69E+00 5.07E-02

z 1.06E+02 5.09E-02 9.72E+01 2.14E-02 8.57E+00 5.52E-02

X 3.40E-01 2.71E-05 3.45E-01 2.25E-05 -5.50E-03 3.52E-05

y 3.35E-01 1.59E-05 3.37E-01 3.30E-05 -2.25E-03 3.66E-05
X+Y+Z 3.25E+02 1.14E-01 3.06E+02 8.89E-02 1.91E+01 1.44E-01
L* 1.03E+02 1.21E-02 1.01E+02 1.46E-02 2.12E+00 1.89E-02
a* 1.18E+01 4.74E-03 1.32E+01 7.58E-03 -1.40E+00 8.94E-03
b* 6.57E+00 1.12E-02 8.45E+00 1.80E-02 -1.88E+00 2.12E-02
C*ab 1.35E+01 9.48E-03 1.57E+01 7.02E-03 -2.17E+00 1.18E-02
h*ab 5.09E-01 5.68E-04 5.70E-01 1.16E-03 -6.11E-02 1.29E-03
S* 1.31E-01 1.07E-04 1.55E-01 6.70E-05 -2.42E-02 1.26E-04
Q* 1.33E+02 1.08E-02 1.31E+02 1.31E-02 1.91E+00 1.70E-02
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Figure 6 IFE corrected excitation and emission spectral contour loadings for the five component model evaluated for all wine sample replicates before and
after oxidation. The PARAFAC model (n=84) ) was described with an r’=0.997 and a split half validation score r’=0.906 (where the model is tested
with two halves of the dataset separately) .

Wt Em i ORE B 2 Figure 613 d . I v F—% >~ M2, ERbNL  Ex/EmBEEICEDSEX LI 6na

FER 5 (275/330 nm) &~ 1 F— K55 (275/425 nm) D
Ex/Em&ZEEEABo 5z, a2 v R—4 v M 2%, H—)k
DR (260/370 nm) AR LTV b, IV AR—F ¥ 3
W, UVIIC BT 2 28R4 (275/300 nm) & IEFIZ~< A
F— 75 (275/370 nm) DFEEM AR L Tnb, I ¥ R—
v MR, RERFEGTH Y, BEERIC CEE 2o E
Z 5 (Ex/Em=325/410 nm) DZEE# 2R L T\»b, 72
720, L0 EEREMOBhRE BRI B 53y IR
T L 72250 nmPA EO#EFAZ S 3TN TB Y, +551250
HECXTWhRWI DS H L. T R— % v MILAHE 2%
R (430/560 nm) FIHWTH Y, ROEHEEI DLW

Table 4 Qualitative assignment of PARAFAC components

PARAFAC Excitation Max, | Emission Max,
Name
Component nm nm
C1 278 340 Caffeic Acid
Cc2 263 380 Flavonol Like
C3 280 300 Epicatechin
C4 315 405 Gentisic Acid
C5 445 568 Anthocyanin

A=A M & CRMEE L, BEMICFEE L7z EE
Table 42575,

Ttaly7 4 28T 5K MUVEBRBROBILIC L 521 %
Figure 7127”9, I v FR—% ¥ b, BiLmEWIhics

Figure 7 Comparison of the five PARAFAC component scores in the Italy
wine samples (n= 3 replicates per sample) before and after oxi-
dation. Component scores are reported normalized water
Raman scattering units (RSU).
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Figure 8 Comparison of the three major component cluster plots for PARAFAC (A) and PCA (B) analyses of the freshly opened wine samples (n=3 repli-
cates per sample).
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Figure 9 Schematic of the relationships among the simultaneous Absorbance and EEM data acquisition and analysis with respect to the significance of
wine sample and component resolution pertaining to this study.

WTHEELWGTHo72520FT_RTHITVFR—% b PARAFACH SLUPCAICEK B 7 T A2 —fEHh
WIZBWTHLBOBED — 7 1 ¥ 7 AV (p<0.05) (23 PARAFACH X U'PCA (two-way Principal Component
mMLTHY, UVEHIZH 2 FoarR—% > F1-3IE, &

BRI Foa v K- v MEEREL T, L)Y

Analysis) |2 & 0 43 S 72300 FEE N D€ T IV 2
VR=A VIO —=FT g YT ERWT, AHEROTA D
mLTwiz,

7T AE — RN R AT o 7oA R 2 Figure 812787, PCAIZ2
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WICIENT (two-way analysis) FEET, 55 a2 R—%
YMNAATPAOEERTIEDLH Y, ALF G D AR
FLE L TIEIWEIICHEN TRV L dH D, Lo L
PCAEY v TIWVDART VIS O EM 578w 1 7 224k
ERTHELELTCURIASH LN TWL HFETH L, 7
5 A5 —fEHO#H, PARAFAC (Figure 8A) 5 X U'PCA
(Figure 8B) DWW FNICBWT D, EUA VW RLEL 25
AF—=%RLTWDH, TN ZENZIA OB E Fo =
LxRLTBY, CIE1931 X (Figure 5) 128175 7 A
YOBRSAADE S o TWDE I EEFIFE LBV &7 — %
oy MBI ARHEHEMNEE, £3D0DATTINT X —
7w BT 5 2 & THIWFL72o PARAFACE 7 VIL, §X
TOF—% 1y MIBWTp<0.05DEMHER%, PCAMR
HrCldp<01DBEAE=Z IR L7z,

EHUIC

VP ED7— %1%, Aqualogll X ZW G & EEMO [ EHIE
BLOWITHET A v OFHBICERTEL 2 LA RLTW
%o FIZWMICEED B Hue (t5FR) 2 Intensity (5iEE) %, Hi
E25CIE1976 (L™, a*, b™) #5445 2 & C, HERDOFE
HHS A /N—F2 2 L TE %, Figure 912, TN 5D
R 7R T o BRI, OB &M & 5, L
TFVZEGT BEMGD AT PVDER ENTIERT
Hbo TNWz, EEMITICE T, 74 vIZ&EENS
TR O FRE B S8 C, B NERESEL 2 L8
TEDLIITFETRE LN TH Do DR EATRE S,
XN T A YEHINOFEREZ R T2 THR L, oS
KOT TV r—2a VIZBHTE2WEEEERL TV,

(RFRHIE, P Ic kDX, FoH T TEERI L
L DTY,)

[11 https://www.mordorintelligence.com/industry-reports/wine-
market [accessed 21%, October 2017]

[2] A.L. Waterhouse et al. Understanding Wine Chemistry, ed.
Wiley and Sons 2016.

[3]1 M. Sternad Lemut et al., J Sci Food Agric., 2013, 93, 3670~
3681.

[4] C.Coelho et al, Anal. Chem., 2015, 87, 8132 —8137.

[5]1 https://www.etslabs.com/library/44 [accessed 21*, October
2017]

[6]1 D. Airado-Rodriguez et al., Journal of Food Composition and
Analysis, 2011, 24, 257- 264.

[71 A. Gilmore, A. Akaji, K. Castorday, “Spectroscopic Analysis
of Red Wines with A-TEEM Molecular Fingerprinting”,
Readout English Edition, 2017, 49, 41-48.
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Impact of Raman Microscopy on Biomedical Research

I aRER, FHAR) BRI EEWET 2RESINFETH B,
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EhTWwabliFTlraewnsy, LRV EREICEXRANDAOZTRY
bOELENEENTH B,

Fran ADAR

Catalina DAVID

Marinella SANDROS

Raman spectroscopy is a vibrational technique complimentary to Infrared (IR)
Absorption. They both provide information on materials via their molecular and
crystalline vibrations. While IR spectroscopy has been used more widely, Raman
has some distinctly different characteristics that provide advantages when
making measurements on biological materials. For this article we have selected
three topics where there is groundbreaking activity in Raman microscopy
worldwide and where the implementation has potential to solve outstanding
problems. Information on instrumentation innovations that are critical to some of
this work (especially lab-on-a-chip) will be mentioned. The references, while not
exhaustive, will provide the interested reader entry to the literature. The topics
that have been selected are identification of bacterial micro-organisms, disease
diagnosis, and Raman imaging.
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Validation against clinical standard assays [hemogram, biomarker panel]

For external Validation for established routine: Full blood [7 ml]
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Raman spectroscopic
images of leukocytes

Biomarker panel
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User interface for clinician [input: patient ID, Output: dinical information from HemoSpec assay]

B

Total analysis time: 30-40 min

Figure 1 Scheme proposed by European Union for identifying infectious organism and preparing the best antibiotic defense. This figure is reproduced

from http://www.hemospec.eu/index.php/technology.
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Figure 2 (A) (B) Raman map and the characteristic Raman spectra of native sperm (the video image of the sperm in the inset). Three distinct regions in the
sperm are observed: proximal head, distal head and tail, as well as small details as vacuoles. (C) Overlay of human sperm showing the locations
of spectra found to be indicative of intact (purple) and damaged (aqua) DNA. (D) Averaged spectra showing the distinct shift at 1042 cm-1 (arrow)
in spectra of irradiated (red) compared with that of the untreated human sperm (green).(E) Scores cluster plot derived from PCA: native sperm (red

and blue, for two observers) and UVB-irradiated sperm (green).
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Figure 3 Histopathologic HE-stained section of normal (A and C) and of adenocarcinomatous (E) colonic tissues; B, D and F display pseudo-color Raman
maps based on 11-means cluster (B and D) and 8-means cluster (F) on the same areas of the adjacent unstained section. Each cluster (consisting
of similar spectra) was assigned to one color and corresponded to the extracted model.
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Figure 4 Biochemical distribution of the individual constituent (proteins, collagen, lipids, DNA, and mucus) between normal, adenocarcinoma colonic tis-
sues produced by applying the MLS algorithm. To determine the molecular composition of tissue composition, the relative scattering intensities of
the various components were normalized to add up to 100%. The spatial and biochemical information obtained from these maps can be used to
identify which biochemical markers could discriminate between normal and cancer tissues
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Tip-Enhanced Raman Spectroscopy
Finds a Growing Number of Applications in Biology

F v TR < > A3k (Tip-enhanced Raman spectroscopy, TERS)
I, 77 BELY b OEVMEFERIEE S & EE 7 O — JEEMEE (Scanning
Probe Microscopy, SPM) #6227/ * — MILLXILDEWZEE D ERRE
DNFDEBEHBA TS, TERSEHWS &, BEAES » 5 & 2MER
%, 20 Mm% BABDBEET, PDOINIL T — (HRHFICIEZ & D
TEW) TR TBIZENTED, COHX T, ERZROMREICHNT,
TI/BOL BEFREREAS S, MRRADL S HEESREICERE
THRMBREL T2 —E VWS WRE T, TERSHOLICLTIEHEINT
W3 h EmRRT D,

Marc CHAIGNEAU

Maruda SHANMUGASUNDARAM

Fran ADAR

Tip-enhanced Raman spectroscopy (TERS) combines the high chemical
specificity of Raman scattering with the nanoscale spatial resolution of Scanning
Probe Microscopy (SPM). It enables label-free detection of surface components
in multi-component samples with ultra-high spatial resolution (better than 20 nm).
This article describes how TERS can be applied to study biological systems
ranging from pure components like amino acids to membrane receptors found in
complex environments such as cell surfaces.
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Figure 1 Reflection and transmission TERS configurations.
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Figure 2 TERS image of 100 nm x 100 nm (75 x 75 pixels) of a carbon nanotube showing an optical spatial resolution down to 8 nm; total map acquisition

time < 9 minutes.
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Figure 3 (a) AFM topography of engineered DNA, (b)-(c) corresponding TERS spectral mapping of over 50 x 20 nm? showing clear differentiation of spec-
tral regions of pattern and size consistent with the expected (b) A/T and (c) G/C homopolymeric blocks, (d) horizontally averaged spectral map
from the previous TERS maps, showing a good agreement with the (e) original sequence. (Data courtesy of Dr Noah Kolodziejski, Radiation

Monitoring Devices.)
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Spectroscopic Ellipsometry Application in Life Science
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Figure 3 (a) Optical model of tooth and (b)difference of effective roughness after brushing as function of dip into saliva time..
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