2014 2016

Development of a novel spectroscopic technique for revealing the molecular
orientation in a thin film deposited on particles or a rough surface

Hasegawa, Takeshi
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Surface selection rule (SSR) for discussing the molecular orientation in a
thin film adsorbed on a rough surface is figured out by analyzing a surface monolayer by defining
the angle of incidence and polarizations. By introducing crossed-Nicol polarizers in the incident
and detection paths, the specular reflection and diffuse reflection components are readily
separated. To fully understand the spectra of the SAM, a new idea is proposed that the incidental
light can be excluded from the discussion when the angle of incidence is small, which is named the
pseudo-transmission (pd-Tra model. Through the experiments of all the combinations of polarizations
and angles of incidence, the pd-Tr model and the light suppression are found to be an important base

to fully understand the SSR of molecular adsorbates on a rough surface of a non-absorbing medium.



¥ XL C—19, F—-19—1, Z—19, CK—19 (dm)

1. BIERLG Y H O

GRS Tk MO Tor 7 OREER A I O 53 - BB A i~ 5 TR,

HWERZZBE LT EBELZEMSN TN D, BRELIIHCE 2 5 R &
R BAEL7R0D, BRTE 2581 VT LRRTIENT
&, L RELO S EE ITFERAICER S TR Y, BRI IE TV X
%, Lambert- Beer DN THRE L HDH LN TE D,

=05, NV IREORELE E L EANEL LTWE, JECHWD KO
WREI D 2N E R 12720 & RiEOFELZER TS Z LN TE
e 7% (EIEGSEE), $72bb, SUEITEE TR O 12 Rk R BB
TERERICKE IR BEG 25 L9127/ 5, i & B8 Lt o#miE
~ v 7 AT 2V ERAE RS B RE COES - BSOSk 2 B E S
HIETRLLTZENTE D, EBE, Zhicky, WBGTEoIETORIL
AT FVFEERE AW TEORE TR 2 &R T, FERE LIS
L =T 2,

Bon 2 AT “KREBIRE LIRS - ICEEDDH L
NTED, L&z, HEOBEFZEBNETIE, BBE—AL D) B
FZ AT 2T B ARY M BN D, &I A—AREbND,

EtOY A XERHIZT TR, BRTEMNT/NS LT D ERIZRY, Th
EWMRLT &V D, BRI TIXRERARE NI LD, REZOLOLF
STHEL, B, A7 L3RR RIIMERLE D, T T LRED
FEEHENIA ZDRICE > TRELSED D720, BRI FOa T e
VhOIFZXYF v rRbDEF 5,

WRLT- DAL, B CTEETEHVBELEZED THHIZL b 6T,
YA AR FERIZE L LT RMBEE A L, WRITOFE Hich
BN E T RWGENRZ N Linh, WIROEE &> THIE DR
IR TH D,

D7, MR ORISR LI TOR M Z#m L=< Th, kL
FRERAORMEEIRAR 22 <, AT MZE ENDEAFREZRY H3
Z L, ERICREARIES RN T D,

2. MEORH

AWEMIETIL, O XD RERIICEIE SO0 RV T (B DV
MR ROFHERELZ, FROICHED ZLICkET 20 THS,
HIECH AR O A7 PV TREDTFOX Y FZ 72V E—a
ZAIRRICT 2728, B LWMIEEZ B LKL g9 2, ko
TEBBCHTET, @R Z I > TRE SR A THIET 2 2 & 347V i
L0, AFALWIBERKDNT WD, £z, JEHOIBE TREAF
W Dot Efi> 2 & bMKE B HN TV D, AIFFETIXIAROB
REBLUTCARAZIE L “HFEGHEELREL, KD EEND
BRI L OMERUS ST 2 o BE L Tl 5., E 72, BRERUSRI R AR
VZSL o T fRAT & DEETHATYY, HL I T OWAE 43 FFL SR IZ 780 Tl &
B <,

3. WD

ABFTECHE, RERD IR (IR E 2 8 < B b R & ALk fy
PEDNTE Y, AR LW BRI S T RICHE R Lz, EB
W2, B ITRA MBI T e B2 2 e, AN & TEEEE BUE
L8 LOEBRARORE L, SIN 2SR - W - ARSI T Dt 2
BB ANS L, SRS & OMORE 148 & S 2 170 V58 ) 7T AE 7 2 S R A
Krirz licli,

4. WFERR

Mz b o7 v I RER, HEROYEBSIFRE CRIBEIC Shieir-o
To NI 2 0 L, AN & RO 7 RN T2 Az w74
JAWT, RIS K ONE S AR5y 0 FEBR Sy B S DU 7 BRI 70 AT 2
1To7z, ZORER, Pk Z IR 5 KBRS BN 2 G2 2z,
A3 K ORI RS REE THHEX 2 RMBIREICE L DL ENRT
T,

PRI L T 1) BURISEE D & et DHENE, 2) SN
ML B DRI, 8) BRI F ORI FROBETE L b RMENTE R

gk, o

—07, REOHI 727V LI &, ZOREN ML H CALRME
By 7 (SAM) B4 T CTREMEREL S U, SRR 27 P ADREIEEIC
& U CORTHIRREOE &M LT 72, ZORME, REEIREL 7
WO ERN LRl A T D 2L b TE T,

IR 8 pm FREOREM S 2RO 7 VI FROKEIA 7 2Ty
7 (ODS) @ SAM 54 AERL L, NS4 20° CIEMMIGIHIE L 7= 7RI R A
A7 RTIE, B E & LT OSMIAEHE O K U TR T &
RSy Fagings (K1),

0.015

2916

0.01}

2850

0.005 ]

Absorbance

1467

-0.005 . : : L
3200 2800 2400 2000 1600

Wavenumber / ¢cm”

1 7 FEREICER L ODS SAM OFRAFHRIEI BT S 227
v

ODS 1A HEICHEEIZE M L TWD Z EIFRIOFIEIC LY biroTEY
ZDOSRMTIEANK, CHe WdFids X OSFHMBERE S (2916 5L
2850 cm'!) [FAER LORERNAIC LD & “AOWSKE 2R Stk
B, L ZANRK 1 ORI ICEROMRIFTEORNRETH S, SHIT
1467 cm 123 %5 CHzld & A 4REIAS, CHa )FMHREL N> R O#EBE—
Ay R ERILT (A 2 FoIC bbb 5T, CHe XIFMBHEIRE)
Ny REFWICEHOWNEZ R L TWS, M EOERTEL, ko z
T DI R R A, — R, JEESUEIC R IR A 5 25 2 &1T
RAREIC biTz,

HLF 1 C DR IR OGN L oo T I ROFRHNE, B TH 5
RTEA RO B ARRE MR REE 2 55D, BRI BER &I
FAHER OR b AT v 7)) Tk ST & T et 2 3 E72 D
R CTh 5. FEBE, FENE CORMRRNET, BEKENICESB IV
WS DEER R A R T 5 2 L TROATEY, BEREMFEZET METE
ROVIRY, R PAT y TN AL T 57 7 n—F TRERREOM
BIZE b 2200,

ABIETIE, 29 LIEWEERRERAN ST 5720, FBRIICH
BB OT — 2 O D by 7 X T VAR LT T e —F
ARIDTIM Uiz, MIRO X S I MR s 2 Ff ol i < o ek
WTh-Th, AEMITITHE L& BN &I 2 Boric T %
7o, E 21T DR 7 4 MV H — %D THA LT,

un-pol. polarizer polarizer DR

(s) (P
E
SR path p

1

rough surface o
DR path:
diffused and
depolarized

M 2 EXH (SR) mazWy b T2BKH (DR) 7 4 0¥ —oB&

X

Zhuc kY, IEBAEICE ER S ERS (SR) A& ERNICH v BT



&, RS (DR) WAy 7200 &2 ME LT, fam & KIBICHERL) 25 Z L I2hR
YLz,

INHOERAE LOHEHIB RIS 2 <, P FEOERLE 2> T
WA BER T & 72 2 LT, FEAME AR T ISR 0 5 BF I
PR EIRA & f2 ik T & 72,

ZORR, WAFOILHEEREZ, BTLOAFANHETCERLTE 2
BANBNDNFRICEERZ D720 T FTIR AMRICE T2 52 L7
<, BIFEREHRE ICRAE Loy FORMATRICHER CTE 2 K 9122 51l
EIEIER IR E Y,

5. TRFEHGMCE
(WFFEREHE . WFFEI R R OS2 (213 T fR)

Udestam <) (Gt 25 1)

1. Takafumi Shimoaka and Takeshi Hasegawa. Molecular Structural
Analysis of Hydrated Ethylene Glycol Accounting for the Antifreeze
Effect by Using Infrared Attenuated Total Reflection Spectroscopy. J.
Mol. Lig. 223, 621 — 627 (2016).
DOI: 10.1016/j.molliq.2016.08.097

2. Takafumi Shimoaka, Yuki Tanaka, Nobutaka Shioya, Kohei Morita,
Masashi Sonoyama, Hideki Amii, Toshiyuki Takagi, Toshiyuki Kanamori,
and Takeshi Hasegawa., Surface Properties of a Single Perfluoroalkyl

Group on Water Surfaces Studied by Surface Potential Measurements, J.
Colloid Interf. Sci. 483, 353 — 359 2016).
DOI: 10.1016/j.jcis.2016.08.055

3. Miyako Hada, Nobutaka Shioya, Takafumi Shimoaka, Kazuo Eda,
Masahiko Hada, and Takeshi Hasegawa, Comprehensive Understanding
of Structure-Controlling Factors of a Zinc Tetraphenylporphyrin Thin
Film Using pMAIRS and GIXD Techniques, Chem. Eur. J. 70(6), 16539
— 16546 (2016).
DOI: 10.1002/chem.201603291

4. Nobutaka Shioya, Shingo Norimoto, Naoki Izumi, Miyako Hada,
Takafumi Shimoaka, and Takeshi Hasegawa, Optimal Experimental
Condition of IR pMAIRS Calibrated by Using an Optically Isotropic Thin
Film Exhibiting the Berreman Effect, Appl. Spectrosc. 70(6), Xx — Xxx
(2016) disclosed on the web.
DOI: 10.1177/0003702816658673

5. Chihiro Wakai, Takafumi Shimoaka, and Takeshi Hasegawa.
Characterization of Adsorbed Molecular Water on the Surface of a
Stretched Polytetrafluoroethylene Tape Analyzed by 1H NMR. J. Phys.
Chem. B 120(9), 2538 — 2543 (2016).
DOI: 10.1021/acs.jpch.5b11276

6. Rui Zhang, Michihisa Murata, Tomoko Aharen, Atsushi Wakamiya,

Takafumi Shimoaka, Takeshi Hasegawa and Yasujiro Murata. Synthesis

of a Distinct Water Dimer inside Fullerene C70, Nature Chem. 8, 432 —
441 (2016).
DOI: 10.1038/NCHEM.2464

7. Junji lwasa, Kazuhisa Kumazawa, Kazumasa Aoyama, Hiroshi Suzuki,
Shingo Norimoto, Takafumi Shimoaka, and Takeshi Hasegawa. In-Situ
Observation of a Self-Assembled Monolayer Formation of
Octadecyltrimethoxysilane on a Silicon Oxide Surface Using a
High-Speed Atomic Force Microscope, J. Phys. Chem. C 120(5), 2807 —
2813 (2016).
DOI: 10.1021/acs.jpcc.5b11460

8. UL, TRRVDR, MARRTEE, RAJUEE, (mAFiL, sV v,
Vv, N7 v EGREMEHEEERICLLRY 7Y v
1 HEE DR, #5517 CHET3(1) 69 - 75 (2016).
DOI: 10.1295/koron.2015-0059

9. TR, BRI, “WREIOEE TR D L AITTE29(2),
79 — 84 (2016).

10.  T.Matsuno, Y. Tabuchi, R. Hosomi, Takeshi Hasegawa, N. Kometani, K.
Tsuji. Sample Preparation for TXRF Analysis of Metal Particles in Used
Machine Oils and Preliminary Research for Application of Principal

Component Analysis, Adv. X-ray Anal. 59, 112 — 119 (2016).
11.  Chihiro Wakai, Takafumi Shimoaka, Takeshi Hasegawa, 1H NMR

Analysis of Water Freezing in Nanospace Involved in a Nafion Membrane.
J. Phys. Chem. B 119(25), 8048 — 8053 (2015).
DOI: 10.1021/acs.jpch.5b03568

12.  Nobutaka Shioya, Takafumi Shimoaka, Kazuo Eda, Takeshi Hasegawa, A
New Schematic of Poly(3-alkylthiophene) in an Amorphous Film Studied
by Using a Novel Structural Index on Infrared Spectroscopy, Phys. Chem.
Chem. Phys. 17, 13472 — 13479 (2015).
DOI: 10.1039/C5CP01024A

13.  Takeshi Hasegawa. Understanding of the intrinsic difference between
normal- and perfluoro-alkyl compounds toward total understanding of
material properties, Chem. Phys. Lett. 627, 64 — 66 (2015).
DOI: 10.1016/j.cplett.2015.03.046

14.  Takeshi Hasegawa, Takafumi Shimoaka, Yuki Tanaka, Nobutaka Shioya,
Kohei Morita, Masashi Sonoyama, Hideki Amii, Toshiyuki Takagi,

Toshiyuki Kanamori, An Origin of Complicated Infrared Spectra of

Perfluoroalkyl Compounds Involving a Normal Alkyl Group, Chem. Lett.
44, 834 — 836 (2015).

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

DOI: 10.1246/c1.150198
Takafumi Shimoaka, ChihiroWakai, Terumi Sakabe, Satoru Yamazaki,
Takeshi Hasegawa, Hydration Structure of the Strongly Bound Water on
the Sulfonic Acid Group in a Nafion Membrane Studied by Infrared
Spectroscopy and Quantum Chemical Calculation, Phys. Chem. Chem.
Phys. 17, 8843 — 8849 (2015).

DOI: 10.1039/C5CP00567A

Kouichi Tsuji, Tsuyoshi Matsuno, Yuki Takimoto, Masaki Yamanashi,
Noritsugu Kometani, Yuji C. Sasaki, Takeshi Hasegawa, Shuichi Kato,
Takashi Yamada, Takashi Shoji, Naoki Kawahara. “New developments of
X-ray fluorescence imaging techniques in laboratory Spectrochimica Acta
Part B: Atomic Spectroscopy”, Spectrochimica Acta Part B: Atomic
Spectroscopy, 113, 43 — 53 (2015).

DOI: 10.1016/j.sab.2015.09.001

FoReis, R, “Nafion BEHUZAFIET 2D K DI R LK
Tt ofigl]” | Jasco Report 57(1), 1 -7 (2015).
Satoshi Nakata,_ Masaharu Nagayama, Hiroyuki Kitahata, Nobuhiko J.
Suematsu, Takeshi Hasegawa, “Physicochemical design and analysis of
self-propelled objects that are characteristically sensitive to environments”
(Perspective), Phys. Chem. Phys. Chem., 17, 10326 — 10338 (2015).
DOI: 10.1039/C5CP00541H
Takeshi Hasegawa, Takafumi Shimoaka, Nobutaka Shioya, Kohei Morita,
Masashi Sonoyama, Toshiyuki Takagi, Toshiyuki Kanamori, Stratified
Dipole-Arrays Model Accounting for Bulk Properties Specific to
Perfluoroalkyl Compounds, ChemPlusChem 79, 1421 — 1425 (2014).
DOI: 10.1002/cplu.201402156

Nakata, Satoshi; Ueda, Tomoaki; Miyaji, Tatsuya; Matsuda, Yui;
Katsumoto, Yukiteru; Kitahata, Hiroyuki; Shimoaka, Takafumi, Takeshi
Hasegawa, Transient Reciprocating Motion of a Self-Propelled Object
Controlled by a Molecular Layer of a
N-Stearoyl-p-nitroaniline-Dependence on the Temperature of a Water
Phase. J. Phys. Chem. C 118(27), 14888 — 14893 (2014).

DOI: 10.1021/jp501180h

Nobutaka Shioya, Takafumi Shimoaka, and Takeshi Hasegawa. Analysis
of Molecular Orientation and Conformation of Poly(3-hexylthiophene)
Thin Films on Silicon by Infrared p-Polarized Multiple-Angle Incidence
Resolution Spectrometry, Chem. Lett. 43(8), 1198 — 1200 (2014).

DOI: 10.1246/cl.140331
Seiya Morimine, Shingo Norimoto, Takafumi Shimoaka, and Takeshi
Hasegawa, Surface Selection Rule of Infrared Diffuse Reflection
Spectrometry for Analysis of Molecular Adsorbates on a Rough Surface
of a Non-Absorbing Medium, Anal. Chem. 86, 4202 — 4208 (2014).

DOI: 10.1021/ac5005025
Takeshi Hasegawa, BOOK REVIEW on “Theodore E. Madey and John T.
Yates Jr. (Eds.): Vibrational spectroscopy of molecules on surfaces”. Anal.
Bioanal. Chem., 406, al-a2 (2014) (Springer).

DOI: 10.1007/s00216-014-8184-y
ERIME, “BIEREErEA M) v 7 AOMERR” | TSAE
& (AR 1 (AARHEFS) 477, 460 - 467 (2014)
ERGE, T EOWAES T ORN - T U NIEIC LD
Y7720 B—=var” o I (BEW0 1 (RASHHE
F43) 63, 485-496 (2014).

Urag#k) GR137h)

1

10.

EA)UfE, pMAIRS @ SE¥EME - FEERIEIC & B2y #EIEo 5 1-BL
FENTIE, (ERALY: - SEsmbRIBIREAFZEIT, 26 893 Ml m =7 A
2017/3/23 K
IEER, MA@, mARRZ, WG, S BRI,
EFRWEE, FILES, FiBEs 7 v e SV I FA VR AT 7
FUNaY OB 55— 7 VA e T LR OV RARAT
P BAMRYAREE 9T RFES, 2017/3/18 fiik
AR, TOREEE . IHEEL, BRI, R RIEIC LD &
N=T A a TR BB T OBEE KRR T OMEr, A
AACEEG 97 FF4ES . 2017/3/18 At
PRSI, TR FRIEEE. BILIES, #EHE
EARRZ . SAREE, BB, REIE, @y 7 v REIV AT
CEEHSYTIED 4y T8y X 2 U INRIEHKIEIC G 2 5. B
A EREE 97 FFFR, 2017/3/18 il
TARELE, EINIES, MR, AR SAREEE, B,
RN=T VAT X EEMPRTEEIC KAFT 5 CF (iR
By RO 7 b BAREERE 97 BFFER, 2017/3/17
FF w8, PRTEL WEIERKE Yong He. Guozhu
Zhang, EAIGE, TFAReE, HAGE, @58, gmm, e
RZWT N A AT T2 b 2 HE D 5y 1PN 22 L O 7B & 7]
RICT 2T/ VA Yo rditm oI, 4 64 BIEHY
BPERARTFANHIS . 2017/3/14 Bk
kTR, E kM. Guozhu Zhang, L3, Yong He. if
FERM, BRI, TR, A E, SIFEH, BIEE, A6
MA~—H—:TIVT b RaFICBITHHE 1 EOEREZHRT
% Zn0 F 7 U A Y5y T-adi S ORI, 5 64 RIS YRR
TR, 2017/3/14 KR
WAGE., TRES, v—7 10— VFrv— R, BB, BRI
flt, pMAIRS EIC kB _v &2 o Wilio 3 Wt @i,
5 64 [BUS L RARTY M2, 2017/3/14 Kk
Takeshi Hasegawa. pMAIRS: A powerful analytical technique of
molecular orientation in an ultrathin film having a surface roughness,
Seminar at Dr. Leblanc's Lab, 2017/3/10Miami, FL, USA
Nobutaka Shioya, Miyako Hada, Takafumi Shimoaka. Richard
Murdey, Kazuo Eda. Takeshi Hasegawa, Fabrication of an edge-on
oriented ZnTPP thin film studied by using the pMAIRS technique, The
Pittsburgh Conference 2017, 2017/3/5Chicago, IL, USA




11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Takeshi Hasegawa, Nobutaka Shioya, Takafumi Shimoaka, Richard
Murdey. Accurate Molecular Orientation Analysis by IR pMAIRS
Considering the Refractive Index of a Thin Film Sample. The
Pittsburgh Conference 2017, 2017/3/5Chicago, IL, USA
Takeshi Hasegawa . Comprehensive understanding of material
properties of perfluoroalkyl compounds on a primary chemical
structure, JLRSEIEMEE{Z . 2017/1/311to, Fukuoka
Nobutaka Shioya, Takeshi Hasegawa. pMAIRS Study of Film Structure
of Thiophene-Based Polymers, A-COE 2016, 2016/12/5 5{ K{bAff
Miyako Hada, Nobutaka Shioya, Takafumi Shimoaka, Richard Murdey.
Kazuo Eda. Takeshi Hasegawa, Molecular Structual Analysis and
Control of Solution- and Dry-processed ZnTPP Thin Films Using
PMAIRS and GIXD ., A-COE2016, 2015/12/5 st KALAF
), pMAIRS 1512 K 2 AHEIE ORGSR & BUR, AL
KHEE RHT AV —2 v a v 7 TpMAIRS ¥ FEFE -
I T A AFEEOREIEARHT O HIFT ) 2016/12/2 FRE KT
BRI, &7 v FABEH OWTE %L ERE D B — I
AL ERE LM SE. 2016/12/1 A AK A PE T4
PHSEEIE], AR, edkhEE, BRI, MD v 2 b—
a v EHW e S=T v Fa T X L EMHIEAT % Langmuir
PEDOHERERRHT, 45 30 114y 72 2 2 L—3 3 VEHRE, 2016/11/30
P R LA T
ER)IE pMAIRS £ 0 ficilt O & Se i/ e —55 5 8] 1%
FHUGT T& &30 ) £ O®%FJES 2016, 2016/11/19
PN TN S
THSEEIR, AERRAT, bk, BRI, S—T7rda T
XL AN T % Langmuir 50> MD fighr, %5 39 [HIF#AL
FLUURY T A 2016/11/9 EEREE (-2 <)
Takeshi Hasegawa. pMAIRS: A powerful analytical technique of
molecular orientation in an ultrathin film even with a rough surface .
The 6th International Conference on Perspectives in Vibrational
Spectroscopy., 2016/11/7Lucknow, India
BHE, BRI, WROGICE L7 e FE— L7 —0kk
WRGE, H28 FEHE HAFLREE R UL SRS 56 BIRFFERS
2016/11/5 5LRTR:
Takeshi Hasegawa. Nobutaka Shioya, Miyako Hada. Takafumi
Shimoaka, pMAIRS: A new tool for analyzing molecular orientation in
a thin film having a rough surface, #5 12 [a] H f A HE -8 (A &%
2016/10/17 F.ff K7
Bk, &7 v FAERIEME RALKFEOHH - IEHHR. 7
VAT ARPEGER W 9 Bl AR Y T L 2016/10/7 44 i B R
Kanako Fukumoto, lkuo Yamamoto, Takafumi Shimoaka, Takeshi
Hasegawa. Analysis of Textiles Treated with Fluoroacrylate Polymers
Having an Rf Side Chain with Various Lengths by Using IR
Spectroscopy.  Fluoropolymer 2016, 2016/10/2New Orleans, LA,
USA
ERGE, TR H R ZRMFE, BELIES #EHFH,
FARBY ., BREEE, B0 =T d a7 LRI RT R
HTE, B89 |7 » B ERE | 2016/9/30 7Nt (EE
)
BIRESE, TR, mARREZ, EfE. MBS, BRI,
SRREEE, RHILES ., BilEs 7 v #MLY VBRI A 7T ) —0
HEEE, 55 39 [l 7 v FLFRRE . 2016/9/30 73t (i)
SRIEE. TR Sl AR AT S, BRI, Rf§R
WERDZTZNVFaT 7 ) b D FERFHEE DRI kA
ToRRAT. O 39 [H7 v FEERERS . 2016/9/30 TNt (R
)
FFTRE, B A SFRREN, TARES . RAJIGE, (AL,
N=TNFa T VFNEEGT D7 U HEROKFER AR
AL 539 17 v ELERR R, 2016/9/30 78t (FEE
)
TEMGFZE, VTIERERAS, EPELEE, TR, BRI, LmiT
Bl TN A= T AT AR IMEAWINC L D% T AT
EAEROIRR, # 39 7 v FE¥FERE. 2016/9/30 7 /3
(Pegih)
FARFLSE, SRIE, WP, BILGES, #@FHH, mAR.L,
LEEE, BRI, S—T 0 u 7 LR VB OB IR &
B LT < FOJRIE, H 39 [7 v FILFEHGHS,
2016/9/30 73t (FAH)
BRI . AR AREFEE, FILIESL ., fAFH B, mARE,
SRREEE, RRIME, 7 v FEI ) AT Uy FEEIC
ZHH RIT DA G RMOREE, 5§ 39 17 v FEFEH R
2016/9/30 73 (HAH)
David Drapcho. Richard Murdey. Nobutaka Shioya. Takeshi
Hasegawa. Analysis of Thin Films on Silicon by p-Polarized Multiple
Angle Incidence Resolution Spectrometry (pPMAIRS), SciX 2016,
2016/9/21Minneapolis, MN, USA
Takeshi Hasegawa. IR pMAIRS: a cutting-edge tool to reveal the
molecular orientation in an ultrathin film | SciX 2016
2016/9/20Minneapolis, MN, USA
Takafumi Shimoaka. Chihiro Wakai, Takeshi Hasegawa. Study on the
Molecular Interaction of Hydration Water with the Sulfonic Acid Group
Involved in Nafion, SciX 2016, 2016/9/19Minneapolis, MN, USA
PEEDEST . SEMRE R, BRI, SRR A TR
ER)IE pMAIRS I K D2 RIER Y = —7 7 L RIOT ¥ R
ORFHT. 45 65 ElE 5 Tidima. 2016/9/14 #4)1IKE
W WFEF, TR, FTRER, v—7 41— VFr—F, &
B, BRI, R4 pMAIRS L& HWZRL 7 1 ) v RS
EDREEREHT . 55 77 FIG HA B A KR AR s . 2016/9/13
ES S84
HIAMET . NS TARELE, B, BAJIEE, pMAIRS
B KD HEE - IR A IS O RS ST IEART . 5 77 BIS
BRI . 2016/9/13 REA v &
EAR)IfE, pMAIRS : JEFH - RPN /S 2 D5 TRl

39.

40.

41.

42.

43.

44,

45,

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

171 % B 5 AN T DB, 55 77 [ B S KT A
2016/9/13 £FE A v+

RN, AoV ek & SHERERINT, 2RO & HEREICBI T
LU= vay7 2016/9/11 Fx /XA -/ R—=varty
2 — Rt

BEE,. BRI, pHIJE L7 vEFE—/L (BTB) O41
HEEOPIE, Tk 28 FFELFRAHRHIALRS, 2016/9/10
DEPRRY

A, pMAIRS 112 & 2 i - i o & BT, B A
245 52 BIE L X J—. 2016/9/7 HERERR S HY

BN, RO HED 7 G ~FRAV ko RE L~ B
ARG 52 IE W X —, 2016/9/7 FEREFESHEY)
Kazuto Nakao, Richard Murdey, Miyako Hada, Nobutaka Shioya,
Takafumi Shimoaka, Takeshi Hasegawa. Naoki Sato, Quantitative
Evaluation of Charge Carrier Generation at Pentacene/Fullerene Thin
Film Interfaces. KJF International Conference on Organic Materials for
Electronics and Photonics 2016, 2016/9/4ACROS Fukuoka
En)IlfE, FTIR Thmnd Z & ~FIkIEIC L5 1o
ToNTEaEE S (A - SRR . 2016/8/30

ER)IEE, pMAIRS O XLHE B & For o, dbhdeli kit 27
—. 2016/8/8 dLFEeiik (Math)
DARMS, SaARTEH, SO, AR, NIRRT, SFIE,
FaReLs, BAJIE, /N, ZETHR, oL, Ny —
o= b DTV UHESRR AR O 5 RIS KO B EL R,
IHHEE Latins) %2 21, 2016/6/23 IR CKRILD)
Shota Aida, Takeshi Hasegawa. Koichi Tsuji, Preliminary research on
PCA for micro XRF imaging . The European Conference on X-Ray
Spectrometry 2016, 2016/6/19Gothenburg, Sweden
FABFRI A, AKRER), LR, BAVIMEE, b HUKICREE
L 78GR D E BB D Z DFEN X A A =P TBIT
Tk oMo M. 8 76 ST LR A . 2016/5/28
It B R
L HS - A FAREE B B BRI, /R4 pMAIRS
HEB XV GIXD #EEAWERLT 4 U o s ORI <5 %
— 2K D RFAENT. H28 LR H A AR YGRS
2016/5/24 KBRKF-FERE T
FAReELE, HHTH, BRI, ROtk s NMR 2 Huniz
Nafion B & £ 5 3 Hiod K OHEERAT 5 L UKl H28
AEHE AR I ERGH TS . 2016/5/24 KBRS HERE 2248
A, FRESE, BRI, B OFBERESE LRt
pMAIRS % & 4y T-BUMRAT O kL, H28 4RI B AR
AERGHIES . 2016/5/24 PR FIME T
BRI, BT BSOS LB RINy SR
BEAF V=T 4y —PA T 4T 4y a—F—X
74— 5 2016, 2016/5/20 2Ly yg by A —
(KRB
L HS - A FAREE HR B BRI, /74 pMAIRS
ER XV GIXD B2 WAL 7 4 U G O i <5 A
—ZI K DR, V=T 4 vy =P Z T 4 T
7 e a—H =7 x—7 A 2016, 2016/5/20 2> F L ar Ry
gk — (KW
SRIEE, THRELE, AWRET ILABTS, ER)IfE, ~—71
FuT A AEEMBICL ST AT 2 ) L— FEREEO RS
IIHIEC K DREERRNT, b —FE 7 4 v VXY =AU T 4 T 4y
7 e a—H =T F—F A 2016, 2016/5/20 2> F L ar Ry
artrd— (KR
AP IE, TR FRITBRTA, RILAESE, IR, mARRZ,
EAREsE, BRI, SR—TAFa T AR LT AXAT T 0y
LB DIRNA N SNV EGMICT DEH, —E7 4 v ¥y
— YA T4 T 4y ==X T 5 — T 5 2016,
2016/5/20 2> 7L ar Ry gy X — (KBR)
HAE, ARSI, WHSEER T, TAREE, RAIGE,
A4k PMAIRS % V7oA B 0 i SR IS RAT & AT REIC T
DT FEOWS, Y—FET7 4 v —YA =TT 407 -
Z—P— X7 —F 5 2016,2016/5/20 2 S Lar Ry g v
s — (KR
TARES . BRI, ROV HIE L SERMITIC L DK —=F L
7Y a—VRBEIRT O SEEOMERY L REA T =X L
DI, F—FE T 4 v v =P AT T 4T 4 v 2—HF—X
74— L 2016, 2016/5/20 LA Ry gy A —
(KRB
ERfE, &7 v #EELEWOH—PERRAE . IRALKFED
W R & o, BRI RE I — 2016/5/19 FE
K
T R AW FARELE R B RRJIE, 74 pMAIRS
HEB LV GIXD BT L DRV T 4 U o R HE 507 M
fENT. AAL AR 96 FBEFE, 2016/3/27 [FEHIKFHIL*
YRR
B, RIS, SRR, WESEEE T, RS, BRI,
AR 2 96 BFER, K EHIEHRED Berreman 234
FIF L7=774k pMAIRS ilJ7E 51 0 BRI SR L., 2016/3/27 [l
FRFELF v 73R
B, TR, BPMeEE, (LML, BRI, BaT D5
BEMETREEE G =T a7 VX kG oK b &K
TCOREREOME, AALTFRE 96 BFFR, 2016/3/27
[FIREAER ML ¥ v 273 A
LREACTE, IR B, IFEE . FARE N BRI, e s,
GM1 GAFHEBEAFHLET 27 I v A R BHAMEIE AR OB,
AL 96 FEFES, 2016/3/26 G FHD X ¥ o8

2
TR R T B, A AL ER 96 FF4ER, Nafion
Bz EEND KRG T L ANKBEEO AREIERICBT 2877



64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

%, 2016/3/25 [FIEFER - HL ¥ v > 734
SRR TR, RERRA $eAT . BRI, B Ok
{LHLSY TI(SAMD) & Fi ] L 7= (RERBE A R i 85 O BRFE . A
AL 96 FFAER, 2016/3/24 FEFKFHIDF v /82
BHE, BRI, T a®FET— LT N —OKREA T KIS
U7cEDOHEE, AALFERE 96 FFESR, 2016/3/24 [FE:
REEHIL F ¢ 782
PR, v—7 14— VFry— R EHEERF, EAGE, T
HRELE . RAIGE, R, <o 2wy /77— L it
TONFH R B AR O ERIFHE, B A LFPR2H 96 HHRE
2. 2016/3/24 FIBEARFEHLF v 2782
FHT, TAREL, BRI, PTFE 28 < W LKy 70
NMR fi#ht, BA(LE25 96 FF4ER, 2016/3/24 [HEH K
WNF v N
A B B IR, PR B B IAE, 775 pMAIRS
1 WA B R O ST MEARAT . 5 63 RIS B
ERFFENIIS . 2016/3/20 BT KK L
BRI, &7 v FHERILEMO ~7 ks L0—0 0wk,
815 8] moy FHEFZES . 2016/3/18 R R
Takeshi Hasegawa, Nobutaka Shioya, Shingo Noriomoto, Naoki
I1zumi, Miyako Hada. Takafumi Shimoaka. Experimental Optimization
of IR pMAIRS Using A New Analytical Concept . The Pittsburgh
Conference 2016, 2016/3/8Atlanta, GA, USA
BRI, 7 v FEEmOWIEOR— BRI 0T - B
Wl T7yHon~raiEs) 2, 2016/2/23 KBl
BRI, 7 v REEOHFIME AT 7RI e IETOIRY
#2015 SEE R AR ALME SR Y AR Y T A
2016/1/27 fLI%
BRI, % 18 BE/EML EsEs, N—T7 A r 7 L bs
WD) o W A — A & BRAET 25 | 2016/1/8 e Bk R 5
i
WA, WEETT-, FReE, Bf, BRJIGE, Mife
B L a— NEIC & 2 @ EICELN L7 bRE MR o R R, 5 25 [F]
AA MRS FERKE, 2015/12/9 Bk
Takeshi Hasegawa, Takafumi Shimoaka, Yuki Tanaka, Kohei Morita,
Masashi Sonoyama. Toshiyuki Takagi. Toshiyuki Kanamori, Physical
Characters of Perfluoroalkyl Group Induced by Dipole Moment, #5 25
[2] A MRS ER KSR, 2015/12/8 Hifiie
BRI, S—7 da T X ALE YOV k% B 5
B W ELE 7L L ELA A B G TS REER B oA
2 —. 2015/10/30 i
FAEPRI L, SEAAA, BRI, dsE— EEREOE X ok A
A=V U ZITB D BRSO HTIEOWE A ATRENME, 5 51 7] X R4y
Wratimas. 2015/10/29 M
Takeshi Hasegawa. Dipole Interactive Property of a Perfluoroalkyl
Group Studied by Surface Potential Measurements of a Langmuir
Monolayer on Water Seminar of Chemistry Department at
University of Miami, 2015/10/1Miami, FL, USA
TARES ., BRI, ROV HIE L SERMITIC L DK —=F L
7Y A= VIRGERORHA 1 = X O, 55 9 [E15r 7R
FIAm 2015, 2015/9/19 HUAT
BRI, RIbKFE L A=A a7 VX bEmE Rk 5
B LB L FOMLE, 5 38 7 v BB RS, 2015/9/17
WA, FoRes, BRI, 7R MAIRS Elc L 2F =/ F
AT = v e oy T AT Y IR T o0 A T SR O M AR T
. 64 [mIES TR, 2015/9/16 flie
W SR M5 T, TR BO S . B IIfE, WTHL MAIRS
HEE WA T 4 U 2SRRI O 18 57 MR, 5 64
[/ 5 Fafamas. 2015/9/16 il
R AT BRI, R, RIIIES, mARE,
SRR, B -7 AT VR L OGS~ T v Fa A
7 FNIEEATT D I VAR RO RS X SRS, 55 64 [
Sy ratiaas. 2015/9/15 L&
SRIEE, TAHRELE, @AWRET WABTS, BRI, ~—71
FaTNFNEEORR DT A aT 7Y L— MBI Ry
SRS L DM, RGP EERE 64 4522, 2015/9/12 &1
AL, TR, BPH S, LA, BRI, HET 5
EBEMEREL S =T A b B oo T EAER A B
=X AOBE, 66 [HlanA Rk ORELFENRE.
2015/9/12 B 5
FRIDEET:, @i, MIEHe, sk, GREEE BRI,
R IE S, BKSER M 2 S — 7 LA T LR LIS E R L T
DMPC 5y 0 7 V2 AR R 26 8) & s, 45 66 [mlz o A
NI KOS E LGRS, 2015/9/12 BEIELES
TR, FAREL, RBIE, 77 v AWl LIk 10
ity - BIRAED NMR i, 5 66 [l= o+ Ris KOS mEb R
Fas. 2015/9/12 FEVE S
AP IE, AR AR, RILIESE, mARs, AREEE,
BRI, fEaaFIC K B/ 8— 7 vt a 7 v UALE ) O BEERE
DE : Langmuir [EO R HEAHIE I X DT, 5 66 Bl
A FB L URE( LRSS, 2015/9/12 VLR
PRI AW, FAREE B BRI, /T MAIRS
HBaRWT A7 4 ) SRR O M SRR 5
66 [z w2 o R JOSRAHL AR, 2015/9/12 FEVL R,
B LS TR, ISR, BRI, WL, 7Y v
T 73 7 0ME 2 S AR O K ERE GRS O/, 26 66 (1
v A FBLORELFFRE, 2015/9/12 VLK,
E)IE, s OIRBI /e b I RALKRBEE =T A
BT R ADEN, AARSHAL AR 64 2, 2015/9/11 {7
Shota Aida, Tsuyoshi Matsuno, Takeshi Hasegawa, Kouichi Tsuji,
Application of PCA for X-ray Fluorescence Mapping, RSC Tokyo
International Conference, 2015/9/3 %Fiz

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

EBRNME, SRR OIERE L RO AT BV OTERIRT, ¥EE
EAEEY . 2015/8/23 Rk

ERE, =T VA a7 X LB O 7 Y by TS
MM 2 KRS . 2015/8/4 F@

Tsuyoshi Matsuno . Takeshi Hasegawa . Koichi  Tsuji .
IMPROVEMENT OF SPATIAL RESOLUTION OF CONFOCAL
MICRO-XRF IMAGES USING PRINCIPAL COMPONENT
ANALYSIS . The International Centre for Diffraction Data .
2015/8/3Denver, USA

Nobutaka Shioya, Takafumi Shimoaka. Takeshi Hasegawa. Study of
molecular structural control in an organic semiconductor thin film by
using IR pMAIRS, The 8th International Confenece on Advanced
Vibrational Spectroscopy. 2015/7/15Vienna, Austria

Yuki Tanaka, Takafumi Shimoaka, Nobutaka Shioya, Kohei Morita,
Masashi Sonoyama. Hideki Amii, Toshiyuki Takagi. Toshiyuki
Kanamori, Takeshi Hasegawa. Spectroscopic study of perfluoroalkyl
compounds involving a normal alkyl group, The 8th International
Confenece on Advanced Vibrational Spectroscopy. 2015/7/15Vienna,
Austria

Takafumi Shimoaka, Takeshi Hasegawa . Chemical Structural
Analysis of an Antifreeze Solution by Using Infrared Spectroscopy
with an Aid of Chemometrics, The 8th International Confenece on
Advanced Vibrational Spectroscopy. 2015/7/14Vienna, Austria
Takeshi Hasegawa, Takafumi Shimoaka. Yuki Tanaka. Nobutaka
Shioya, Kohei Morita, Masashi Sonoyama. Toshiyuki Takagi.
Toshiyuki Kanamori, The Stratified Dipole-Arrays (SDA) Model
toward Unified Understanding of Bulk Properties of Perfluoroalkyl
Compounds Studied by Infrared Spectroscopy, The 8th International
Confenece on Advanced Vibrational Spectroscopy, 2015/7/13Vienna,
Austria

Takeshi Hasegawa, A powerful tool for revealing molecular orientation
in an ultrathin film: MAIRS on FT-IR Thermo-Fischer Scientific
Webinar, 2015/5/270n Internet

BRI, =7 A a7 XUt EmontteiE, FT-IR - 7
v a—P—=XT7 3 —TF 52015, 2015/5/21 FLa Ly T 7 L
Ak a2 —E)l

BT, AR, BRI, w5 ARSI O face-on Al
MOEEER, FTIR « 7~ a2—%—X7 4 —F A 2015,
2015/5/21 HiL = 7 7 L Ak 2 —gi)ll

ER)IE, #HFs, TRES, =70t nR) ~—2l# L
7oROfEHT, 15-1INMR #7843, 2015/5/15 KL TS
th SUERRFZEET

ARG s, TARES, BRI, /5 MAIRS & Ve F 4~
=V RE D THEEO S PRI FE,. B AL ERE 95 BFE
2. 2015/3/29 HARZFMMEF v > /32

ERNE, %@ AKoRs 6 (MAIRS) #OBI%E & “koesr 7
AR ~OIEH | AALERY 95 BFFES, 2015/3/29 A
AR ¢ 73 A

TARELS . BRAIGE, ROk & ZEBMNTIC & D Rk
SRR, AR 95 BFER, 2015/3/29, HAKZM
[ VA

FHE., B, S8 BT K 2 Mt LR R 3K o AR A
A7 RVIRET, BAMEERE 95 FFES . 2015/3/129 HAKY:
AL R ST

TR, THREL, BRI, Nafion B L2k 10
RIS 1T 2 [ldsiEEh > NMR fight, B AL FRE 95 HF4F
2. 2015/3/28 HARFMMEF v > /32

AP IE, TR AR, RILAESE, mARs, SAREEE,
BRI, S—=TNFa T X ALEO v 7 ki ST 5
SDA &7 /v ORFEENMMEIZ L DHFE, A ALFESE 95 FFE
2. 2015/3/26 HAKFHAEF ¥ o782

Takeshi Hasegawa . Study of Intrinsic Molecular Interaction between
Perfluoroalkyl Groups . Seminar of Chemistry Department at
University of Miami, 2015/3/13Miami, FL, USA

Takeshi Hasegawa . Nobutaka Shioya. Yuki Tanaka., Takafumi
Shimoaka, Kohei Moirta, Masashi Sonoyama, Toshiyuki Takagi.
Toshiyuki Kanamori, Stratified Dipole-Arrays Model Accounting for
Perfluoroalkyl Compounds-Specific Bulk Properties.  The Pittsburgh
Conference 2015, 2015/3/11New Orleans, LA, USA

ER)E, 7 v BEIEOVT itE —REEGE» D TRITE S
7, AGC i, 2015/2/19 BT (AGC HHHF5eHT)
Takeshi Hasegawa, Stratified Dipole-Arrays Model Accounting for
Bulk Properties of Perfluoroalkyl Compounds Studied by Infrared
Spectroscopy. Forum on Analytical Methods and Technologies in
Environmental and Life Sciences, 2014/12/12 E4FHHF K
ERIE, =7 VA a7 X AL E O 2 i — NS
% SDA ET /L, i 8 MIH IR FHEAMIEN R ¥ —v R Yy
L, 2014/12/6 FUF KRS

TARES . RRIE, ARk L ZERMNTIC L ZKk—>2F L
U7 ) 2= MRATERT O RO X OTERGE TR O T
85 37 IR L AR Y T AL 2014/11/12 TN
EAfE, Mo s, TAREE, AREREE, BILES, @ARRZ,
SRR, N—T VAT RGO 2 RooH CEE LV
7 WPEFEBIEEAG, 5 37 M7 o LRSS 2014/10/30 KPR
R

ERE. 7 v #eEW OB & Snp B e, 126 FEx v
SR ARBE - NBHEEIHE . 2014/10/26 SURAEDT

EBRIME, 7 v FEW DSV 7 Wik % B3 2 B P77 L
—ET b, 63 [mlE sy TRt 2014/9/25 Rk KA
TARESE, FITE, BRI, ARk & st i X
% Nafion T O HHMAR DARFIEIE DN, 55 8 [543 1-Ft
2. 2014/9/22 JKES R

s, TR, FRIBRT, RILAESE, mARs, SAREEE,
ERE, S—=TNFa T X ALGO v 7 Itk E ST 5




121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

ETVOFEALY: - HFBLE B 8 my TR
2014/9/22 JK K%

FRIFET:, @k, MHHE, RIILIES, @A, GREE,
ER)E, =7 Ftu 7 X rEEHALR
imyristoylphosphatidylcholine — 4y -l # 1k - #3558 [H15y 1
W, 2014/9/22 JKERAF:

B, TR, BB, BRI, RO LD p B
BRI 0 4y - BE I AR OBFZE, M b AR 63 4R
2. 2014/9/17 IR RS

TARES, BRI, ARAHE & SRR A A K — = F
Ly 7Y 3= VRETEIR ORI, SRR 63 oz,
2014/9/17 IK K

Takeshi Hasegawa . IR spectroscopic study of perfluoroalkyl
compound-specific molecular aggregation structures, 5—[al7 27 4
BBl RO A, 2014/9/17 RIS R

AW, TRER, BB, BRI, RV G-TFLF4
7)) BLOEO BIEWE O TR IR O - AR
MAIRS 12 X BT, &5 65 =m A R LORmEbFatimes.
2014/9/4 FUTFRRLRARALIR

AP s, TR AR, RILAESE, mARs, SAREEE,
BRI, R—=TvAa T VX ACB DSV 7 kSRS 5
ETNVOREACFEAEL 65 204 R L ORELERRS.
2014/9/4 HURCELRL K Ah g

Takeshi Hasegawa, Surface Selection Rule for Analysis of Molecular
Adsorbates on a Rough Surface . 17th International Diffuse
Reflection Conference, 2014/8/3 Wilson College, Chanbersburg, PA
ERIE, 7 v M OFREREREE & 7 4 A2 OB LVBEE,
2014 FEJE S5 1 BICAC 7 4 —F Ak I —, 2014/7/11 {b¥&
i

Takeshi Hasegawa, Rediscovery of Nafion Membrane Using Infrared
Spectroscopy . MANA seminar, 2014/6/27TMANA, AIST
ERJIGE, FT-IR THREME S T OMEEAZIC Z ZF TN D,
2014 Ao+ 7~ Bl I —, 2014/6/2T il 7 7 LA
=l

I, FT-IR CHREME® 2 T ORBEEERIC 2 2 Tlh b,
2014 A6 - T~ U HAlTE ) —, 2014/6/25 TR A 74
At H—

EAIfE, TARELHE FRET, RIS, mARS, SR,
N=TNF BT N AEEMOBKIEDRIR, Fak 26 FFEEHA
SIIESE RS . 2014/5/28 BREFF (Rnde)

TARES, FH T, BRI, Nafion BEOIREEZA(LICHE S AR
WS ZAL DRI IEIC K D8, 8 74 RIS ERimes.
2014/5/24 BRI (BBl

WG, TRe, BRI, RAGHBICE 2R Y B-—~%
VT FT = ) DS FENRNT © RBEEAEE. 5 T4 BT
{b¥atimes. 2014/5/24 A RL#HE (BRIL)

SO, BRI, R AR ATR ROyl E A T2
ABEOKFUEER DI, 55 74 FISH LRSS, 2014/5/24 AR
T (RBILD

EA) I, TR ZRAE, RILIES, mARS, GRS,
N=T NG T X AL E Y O R BRI PR IR BT 2 R b
FIELE, T/ FRE 12 RIKRR, 2014/5/22 SURALARE
ERE, A7 SR TR % Nafion ORMOMS, It
REERIGHRE, 2014/5/16 T #e R FEHRILF ¥ > /32

GF71H)
B, Gkt o MOEMIRAT O FEBR CRIEM, WA, S5
He— - W) B9 - FIVIE - T~ IE” | 2016, 226-246
Takeshi Hasegawa, ACS Books Quantitative Comparative Techniques of
Infrared Spectra of a Thin Film  Chapter XX in “Recent Progress in
Surface and Colloids Chemistry with Biological Applications”, 2015,
303-327.
(7) DOI: 10.1021/bk-2015-1215.ch015
ERE, skt |1k - 7~ ooiE (FRFIE - )
BT RN GIE, 2015, 2-26
BRI, A, BROTZOOFEHEOHE T, 2014
Takeshi Hasegawa. Wiley. Chemometrics in Infrared Spectroscopic
Analysis Chapter 7 in “Introduction to Experimental Infrared
Spectroscopy”, ed. by Mitsuo Tasumi, 2014, 97-113
(7) ISBN: 978-0-470-66567-1
Takeshi Hasegawa, Wiley, Reflection Measurements at Normal Incidence’
Chapter 8 in “Introduction to Experimental Infrared Spectroscopy”, ed. by
Mitsuo Tasumi, 2014, 117-125
(7) ISBN: 978-0-470-66567-1
Takeshi Hasegawa. Wiley. External-Reflection Spectrometry for Thin
Films and Surfaces’ Chapter 9 in “Introduction to Experimental Infrared
Spectroscopy”, ed. by Mitsuo Tasumi, 2014, 127-139
(7)  SBN: 978-0-470-66567-1

(PE S PEME)

ORI Gt 1 )

AR IR L D E 7 BEBIEROIT
FEAFE BRI G, ToRER, AT, IWAES
HEFIE &4 % T2 (UKD Dl F 2)

ke« el

&7 2015-163854

HiREAEA B : 2015458 A 21 A
EPs 0B EN

[(Z o)

https://www. facebook. com/thinfilms/

6. WFZEAHAL

(D) BFFEfR S
EA g (HASEGAEA, Takeshi)
SRR - ALSERRZERT - Zd%
WE#HES 302658123

(2) B gesr i
L

(3) EHERF LA

(4) BT 13
TR ELE (SHIMOAKA, Takafumi)
SRR - ALEBFTERT - B
WeE&S 2060727800



