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New Application and Recent Improvement of Raman Spectroscopy
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Raman spectroscopy have been progressed with new technologies applied to
specific applications. By combining microscopy, its sensitivity has been
increased as several orders in these decades. Especially, some new
technologies for Raman imaging has been developed and will open new
analytical world. In this report, we explain new Raman application of
pharmaceuticals, carbon materials (graphen and carbon nanotube), and lithium
ion battery. In these, Raman analytical technology used in HORIBA group
products are also introduced.
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Figure 2 Color-coded Raman images of a pharmaceutical tablet
highlighting the spatial distribution of the various components
at different scales, allowing to explore the tablet uniformity as
well the grain size and boundaries. The spectral signatures
underneath are linked to the different chemical constituents.
These results were measured by HORIBA Raman microscope
XploRA,
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Figure 3 Comparison between Raman micro mapping (A)and TRS (B)for a two-layer tablet. Blue line is API side spectrum. Red line is expieut side

spectrum.
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Figure 4 Raman spectra of diamond (D), graphite (G), microcrystalline
graphite (uG), diamond like overcoat (DC), and graphite like
overcoat(GC).
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Figure 5 Raman spectra of single layer and multi-layer graphene
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Figure 6 Ruman mapping of a graphene fragment

(A)Raman imaging: The blue rectangle in video image(left)is the mapping area. Intensity distributions of 2D(red)and G(green)bands and the overlay image
of two are shown in Raman images (right). Multi-colored image is score image of extracted spectra of (B)by multivariate analysis. Colors of the images are
red(m1), green(m2), blue(m3), purple(m4 ), yellow(m5)and cyan(m6).(B)Loading spectrum extracted by multivariate analysis.
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Figure 11 Raman spectra of cathode materials
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Figure 12 Raman mapping of cathode electrode

(A)Loading spectra extracted from mapping data.
% : Raman band of CoO2

(B)Video image and Raman score image. Green rectangle is mapping
area. Colors of region are corresponded to loading spectra.
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Figure 13 Raman mapping of anode electrode

(A)Video image and Raman score image. Blue rectangle is mapping area.
Colors of region are corresponded to loading spectra.

(B)Loading spectra extracted from mapping data

Reacout No.41 September 2013

83



roduct Introduction
P S

P

BE T ¥ R HEORFICH EEKEDES

Sk

o )F 7 ME— R LIBOAROEFRETH L5 5,
ZOESEEOWEIEEZE L, HAIITHES %,
Figure 13(A) DI~ > - < ¥V A X—=VI3T7 5774
METTT7A R2RZNEIREHT TRL TV 5, FR
INA U —Td b7 NVFah—R I IRITROMEH TR
LTWwb, 79774, 2CTGNY Rk 5D/N KO
WOSRRLZ 0L, W7 T7 74 MO LEDZEE K
ML CTWh, ZNOR, TOITI VA A=IUNLTTT 7
A N OFERE AT Z NS Z EDTTE D,

T ok, R AR TSR LB L e\
7e®in situ (Z0H) GATICOIRHTE %, BV
(Figure 14) %2> CLIBZ 7V I > H AHTEHE L7z,
FTWES A 7 VikBoM, I~y L —H—7u—-7%
ffioCT, KAHTEHYIVOAERSEFE %M L CEM
KNz EHENET 52 D TE 5, Figure 15132 D)3
TIV VB LIAERTH L. ZORRETIL, TEEIRE
TLCOD T~ NV FONHET BERF DR EN T 5,

Figure 14 Sealed cell for in situ Raman measurement of lithium-ion

5V B ROBEDES

BEEIT A A=Y TEY 1—ILSWIFT
TRIAX=T 7L, RO OB O 5 A & i
BT BHB TR EbIN TS, IIAT, PR, 4,
551 OF B, FEREEICOWTHRETH Y, 10D~y
o 77— 70, MFEEOHICRZ 5L 0ENDE LD
BRIV A AT L TRAZ LN TE L, lHETD
NBEA VP - NA - FBA U v 7T, AT
< VSRR VIS A T ORI R AR S NS,
AT, @O RREIIEICD, LRI L ChBAT
HZENRNTEL, ZD L) T~y 7 OMTIAY 73 [ 72 IRg [
i, IRA Y NS0 1IN OI0MEETH L, T2,
SER A EENZ > TL b, HORIBAZ )V — 7 Dji
BRI A A=Y 7Y 2= LSWIFT ™4 31
L, SOFENHERE] ms/RA ¥ MIEFTNELTE S,
IS, IRWFE O — XA 2 XX U sEiE O T
YA A=V ELTHG PR THIETESL L)%
Bo TRTOY VT IWATK L TRIRDH 5 DIF Tld e\
A, SWIFTIZ T~ v - ¥ v ¥ ¥ 7O OF R A 51T
YD TH Do MERFM 24§52 2 LIZ, EZEH
RREHER L 2 TI U ROR )y M EAENT S
EISTED, BET, BRMOT~ A A=T %S
B 72O E W ZER T RREDS L EET, 737 u v LR
VD ZE T RBEASH & 5 Bl 2 AR EN 72 B
HORIBAZ V—7Dr o )v— - 20 T +—N)F5< /5H
gE s A7 A, TR T £ TR 7o\ 22 55 i aE
FoThh, L= —=AKRy A Ll EEZE0S um

2Ol umF THEEAERLZENTE, 2

N, L=y -0 L EEFRIC
Lo TEALT %o

DuoScanf X—>% - 79 /AY —
DuoScanf A— > 7 - 527 /ay—1

battery
1.70
1.60 =1
1.50
1404
9 1304
Z 1204
£ 1.104
< 100
20904
Z 080
= -
5
2 ok LiCoO:2
0.50
0.404
0.30
0.20
0.10 - — - - e
250 300 350 400 450 500 550 600 650 700 750 800
Raman Shift (cm')
15.0
14.0 4 N
3.0 iy
12.0 4 f‘ y
] = ;
v - = LiCoO:
2 oo Discharged |
= . I
5 s0p State /
; 704\ j
‘7 6.0 4 \
E RyTa oA
2 50 V\\IM/\ IV
= 4.0+
301 Charged
2.0
o State
0.0 4
10l
-2.0

3, LA A=Y - FEFEBT
5250T, BT~ vyt BE
LabRAM> ) — XA THIHTE %, =M
DEEIT—OMAEDLELI LI
IoT, IS4y b7 774 VR 0k
T~ ¥ 7O 7280 O TH 5 PR R sk
BARL—=IPRETHI LT, #EL
L= —TEEXETLHILNTES,

250 300 350 400 450 500 550

Raman Shift (cm)

600 650

Figure 15 In situ Raman measurements of LIB charged and discharged state
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Figure 17 LabRAM HR-AFM coupling system
The right picture shows the configuration of incident laser-radiation with
60 degrees angle at samples.

Figure 18 XploRA-INV coupled with AFM
Coupling Raman system with inverted microscope and AFM. The right
picture shows the configuration at samples
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Figure 19 Transmission Raman accessory (left)and its signal correction
system(right)
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(ULF : Ultra-Low Frequency Raman module
KW T~ EY 2 — VULFO B (20104E) T,
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PO E TTbLTE 7, L, BT~ 5
FH2EELabRAMY ) — ADOULFEY 22— V& V52
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DO REMEABI A 720 LabRAM Y V) — XD E B A
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WEBDLZENTELI) o720 EBIZ, AN—=27 A
BUELE 7 v F AN =7 ABLELO W S D AR MV % [l
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FIFTE S L9127 572, (Figure 20)

) [15]

TV HREEE  XploRA
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T 5o JEFBMER L LA T O/ A EDLEIZLD,

> ZJL
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[m cystine 633nm best spectrum long range]
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9cm!

Raman shift (cm™")

Figure 20 Very low frequency 9cm™ band of L-Cystine measured with
ULF
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Figure 21 XploRA
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BB T~ 9 JtdEELabRAM HR  Evolution
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(Figure 22)

Figure 22 LabRAM HR Evolution
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