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Spectroscopy and Spectral Analysis
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HHBOR T IR BG40 956 Al 1 205 em ! Ak BB S 4
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(25) 5 2 510Cy; Fus ) T 3 2942y, 4wy ) 25 41 8 FRAE W, — fik
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Fig. 1 Raman spectra of campestris obtained by (a) 514 nm
(4]

and (b) 785 nm excitation sources
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W ERTE v DXIEUAE A W 4% W) 0 LR i 2 i Al (955 Al 963
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FT A8 DR WX S IR B 2 R AR 0 B R E . AR L IR B
SOLIEEAR 2 52BN i R R E AR, an el LI A
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RRS 7] LABFSE M4 5 09 4 FAR1E . 4R 7E 432 nm B
IEAFTE W0, 9T LA B SR P R O BRI 1 9 & o X g R
PEATHESE . % RRS 5 H 2 60 &34, H M= EHEKX
B KA X (200~500 cm ', HL Mg JEFAEMABIHE) . P
X (900~1 600 cm ', Ca=N Fil Ca—Cb M4z E£L
R 7 D RN &3 31X (1 620~1 710 em™',  C=0 {8 % ¥i% 30
B . SR TR RRS 64 T 4R sl 48 57 A 1 3% 45
FA 7 A PR Y T BRGE G R R R RE ALY Soret #fF, I
FEH AW on BB TS s AR, DLk 2
FNAEDOEH T . RRS 3 0] LA T PFAh 5 40 1 10 45 4 45
fiE . 0 Okad 2557 FIAAFP Bkl Nd : YAG OGRS & Y 1 064
F1 355 nm WA SEXT AN M S R a FEATRI, EB KA
FE 355nm R FA LRI ERIN G, HZIAL BRI RE a
43 F 1 Soret HF LI, HF LR FE a i) R EH 4 L TR e L R
M TFHATF 0 PP EmIRAY o BT A, Freint
GEE a FUHICArF 19 RR 335 v o042 21 i 38 43 1% 4 /2 1l T N
A=A . M4k E a #E 413.1 F1 406. 7 nm A T %
1680, 1659 F1 1 610 em ' [t i by BE AR # 58 2 09 $ir 2 R AE
Ve, SRR R AR R R A T I C=0 ¥
FE 45 i Sl AR 5 1R 1 7 o 0 v A XS B B EE. TT
PLE L 4% 25 a 7E 24 400 nm A9 0K F B3k 8 PR B0
Kish 25 F 258 BOG 877 42 19 441. 6 nm R EXTH S E b
HEATHRLS I, RIAE 1 550, 1 570, 1 630, 1 640 F1 1 675
em ' gb I AR $i 2 AR AR W, 4 2R ¢ 7E 457. 9 1 441. 6 nm
G T 7E 1693 F1 1 679 cm ' (NP4 3 o i1 i 2k L %
fRE A A/E DA 1 360 ecm™ ' (C—N IR A5 20 Ay Soret 7 L
BRAEAEAD AL R FEH IS, B TR a M4 =R ¢
S F 1 Soret i L FERE AL EA, FrUAtgE c 45 F F
BIAE A57.9 1 441. 6 nm & T RIBILIRMEL , Wit %K a
MIAE 413.1 1406, 7 nm & F S HHS, WE 2 g, k£
eI A SRS U NCEAE SURVE L R =g N OETE =D #1
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Fig. 2 Resonance Raman spectra of chlorophylls excited
at 457.9, 441. 6, 413.1 and 406. 7 nm"*’
a, b: Chlorophyll c; ¢, d: Chlorophyll a
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43 F T AN S AL REAE  JUT LA TS TE BB B 2 R A A T ) B
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1.3 T A8 6G M

2 6G(R6G)7E 530 nm UL FZZEFR ML . #£ 470 nm
EEGEE—DMPED S . Londero 2 i 456 nm ¥ R6G it
47 RRS 2286 ., R IUAE 609, 1 475, 1 573 F1 1 645
em A R BT AL IR BL A . Jensen AUV H] 474 11 064
nm X R6G FEATR I, K I 474 nm R FAZ LR i =
e, BT R6G 9 C—C #EAY i 45 P sh VR T, (45 HoAe
611 #1775 cm ' 4b BB B A LRGSR IS . R BLAE 1178,
1577 1 1 649 cm ' 4b 3 BT B L2 g, X R TE
1 064 nm R 1Y 5 MBS G HE PN H B,

g ERTiR s SRR EOIEE AR R AR /TR AT
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2.1 EIERDN
RRS ] JH F 46 DU 8 A 2o 3% vh o A SO 25 0 19 A2 4k, HL
XoF NN L5 55 2H 40 95 s fF 50 AR v M L. 7 i E 9%
Al b, 2R 532 nm UROL, HALA FEAET %M
ROGHE AT 20 48 v SCHR 5 0 BT 43 (AN AR B BRI IR BT AF 43 T
DL FE 6 R 3 35 5 B B D R AT A Rk Bk . T S BB 2
DGR EE AR, A T 00 15 MR L AN PR AE SR R
Alfano B BASYFE 1987 4F ] 457. 9 H1 488 nm T o 4 56 X A
TRFLIR AL AT T 45 — R RRS A& I, Liu 27 ] 785 #
532 nm BUROCR I TELIRAIML, b T AR IR LR AT
514 nm ZhAAFE WO . T DL IE & 19 ZLAR 414U 7E 532 nm i &
FrEA T RN, FEAEAE 750, 1 004, 1 156, 1 306,
1441, 1 521H11 656 cm™ ' 3X-EANF¢AiEUE, A 750 Fil 306
em BRI 0 A O AE B E RRS OG5 3 B 5 200 3 o B
K. Bz A, B OAE B E RRS Ay 1 358 em!
(CH;—(C=0) MgrfRshfi), 1 378 em ! (—CH, 5 i #i
BB, 1548 e (H B F 5 A R Bk 11D LU & 1 605
em (C—O RN BZN AR M AR T C=C &
it i 2458 3L R 5 k) 3 JLASFR AR I FE 532 nm R T [ AR IE
B AFLIRA L RRS A Frag s (&l 3 Brzs) . Xl ] 785 nm
WOR BT G v 32 FE Y B 0% R R AR SRR R R 20 5
o RGBT, IE# MR 4H R R B 2063 Hh A AE 830,
1078, 1310, 1 448 F11 652 cm ' 33 JLA R AF 47 2 W, T 7
Jee 72 A e SR 2R A L 2O b, WIAAAE 1 663 em P (HE T
FEEFEBE 1), 1453 em " (HB FEA BB 1) K
1262 em ' ()8 T4 0 BTBERK 1D X =502 4R 1E0E, DLk
B 2 TE F SR AR LML R4 BN AE 532 R 785 nm K T
PR MS . #5325 785 nm MR FHRBMWEES
I NWFL R AL R 2 S, S RAE 1 262 cm !
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(AR TEAFEBM T, B F3ECH,— ZTE S350 M
1663 cm "(HEFHEABER 1, hiE (=0 Mgk
SVE D AR R B T LR B SR B4 . 1 FL R AR E A0 2L R 40
LU AE 1548 em ' UHE T8 AR BERE 1) 7~ A4 B3 19 e ik
W48, Sriramoju SN I 532 nm ¥R G AR IE# K
ok 2 BT R A L RS A0 M (BCC) BB 1 Bz Bk 40 B R 4T T K
D e AR AT B IR 4 i 98 (BCC) &35 19 40 B DG i b (2 T
763, 1012, 1452, 1 662 F1 2 932 cm ™' (Y7 B 3 3 B 455 11
BRI A B3 3R B4 . Zhou Ml Kohler 25010 43 51
532 FI 785 nm ¥R X I #EAT THFST . R 30N Ji 440 if 2 X
FE 532 nm FUE T A LR B2 AN . HAE 1 547 em ' (FERE
), 1587 em ' (A8 T4 M4 F /&K Aifk), 1606 cm !
RN R R M EEZ R 51 ) F1 004 em™ ' CRN 2R 19 4 5 0
W A8 A D b A i 2 1 iR 5
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Fig. 3 The RR spectra of normal and cancer breast

tissues excited at 532 nm''?

25 TR . bR A b B ot i R S R R Y SR AR 4
SR, RERIZ 1 547 em B I T H%Rf&ﬁ%ﬂ%i
o FEAH A ARSI R B2 R G OGN B X
B4, AL 532 nm & X AR 12 W A AL
2.2 FRAXREN

RRS $ A AT LA R AR 2 AT 2 o 46 0 e Y30 B AR, SE 8
WA R gk, v R M P 2 A b R AR 4}%#‘3&
{Z)8 ., %0 488 f1 514. 5 nm W Rl L & 6k gk A8 HL IR i &
i . Gonchukov 2510 F | 3R W 58 180 & % UL & 632. 8 1 532
nm BOGXTMEREEAR AT T, BT 8 b E A%
S5 o X R A AR 3R . BT DL & BT R R BB I RRS 7‘615.
BT 1156 F101 524 em” X B AL SL R L 8 AR 1E L X —
A AE L A RRS AR5 558 2= 0k W ), 3 0
PIAHSAE IS /E 632. 8 I 532 nm & &M T ASH B, iH
IR I A RRAE P02 W R 3 o A R 9 1 o T 38
B, AR X — SR PR AR AT LIk 2 b AT S W . B T IR
LHMDEKRBRANPOES . HBAE T 19 RRS 3 5% Gl BE e 1
M " BRAE S0 F5 B AR M B K Uk (BEJR 200 nm) i
PATT ISR VR R A G HE AT 2F TR . %) 244 nm 3R T 3R 75
BN R0 2 S 46 A 3 R hir 2 3 (UVRRS) i LR 3] 1) &

BRI TEES: A 955~965 em ' (R FRE KA T
PO}~ r‘ﬁj?), 1 245~1 255 cm™ ' (Amide [ ), 1 455~1 465
em "(CH, $E 315 #), 1 555~1 560 cm ' (Amide I[),
1610~1 620 cm ' (T 2 R M 5% 2 2l 51 kL) A1 1 655~1 665
cm '(Amide 1), BT FTE 244, 205 Fl 229 nm Ab¥k T
B RGIE . KB RA 244 nm Bk $ 2 Amide T ARG
M Amide [I 763 =Rl OGOk &8 2L BAR 55 Y 3t 3k 2
Z00 4 R . RE B RT RRS 7855 K0 7 18 A9
AGRAR ) (AR A BR 2 B AN T R R L % BB 2 % AT AR
PRIE . RRS ¥ 76 N8B0 T0 Bl LA B A6 0 45 5 TS & #5 3 K 19 A
.

°
b}
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80yr I
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Fig. 4 UV resonance Raman spectra excited at

244 nm from human dentin"'”’

3 A AEHEIE Y RRS 2l

3.1 EAaR&EN

2 R ILPRAL S OEHE (UVRRS) $ A 0] JH T 0 4 78 45 4 X
AT WA A v i A e L TR R B At 2 R i
W ARTERORH . BT RA LR RN, 2 E 51
fir100~1 0000 fi%; FHK . BAEMKT 250 nm BYIEHL B A2
JeF e, B S M T B R DL S B R I R
PEMN . W EEARCY . AR . BE. A0 MR R A IR
XA F /N F 300 nm BRI AN X . B 5 41 & ok AT A ST
IUA: W ) S PR P i I i, W T OV R R SRR RN A
G3F 05 H LR B 8O0 115 45 R 0% Bk B M g R T LA
UVRRS 7E 3/ 97 5 W00 g % o Al 5 A 2. 280 I 3% 09 JLA
W UL UVRRS WOR W F 35 & I 22 me . H I hr 8 0 (55 )
B . FMTESL T AR . TR A R RO TN A R X = E
B R . BT HAE 275 nm P B AR E R 0k 4%, Harz
ZER01 SR 244 nm FE g Bk 6 W I % 0 AT B A I
RIVCAVE TR S TR = A T AR B A0 . 5 58
FE 758 F1 1 009 cm " CHF AR A/ 0k g [ AH A S A I IR AR 20D
1 34011 356 cm ' (Rl MEIE PR i Ny —Cs P47 5 mioh 3 ih
MG Z A A SRR AR SR A 4R 2D, 1 551 em ! (il g 34
C—C Mga 4R 3D Ab /R FRAERL S 0 5 i 20 AR 1 829 (R Bk 26 fif
iR, 851, 1 173CFm A C—H &l ¥zl . 1 208(C—C,
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VAP 245 41 2110 T 1615 CF-TaT N B0 45 4% 3D AL ) B & e 5 R
WERRAE 1 214(C—C, IR AE RS . 1 604 CF-TH A I i 45 Bk
DA 1006 e ' (FRIF IR AL ) b A7 78 i & FRAF 0 . R 956
R NN IR A E N RISl | b A s g S Do i UR salll k)
TR W . WA RRS X A ML 3% ke 7 17 4600 K 43
M FL 2R 0y AT 2 1) N 28 2 5 BB A IR e At 9 1 1 A
B T AR T ERGSERAFERAKR, AR
T N R EHME RN T, Bt UVRRS /TR EA
SCR AR S DX 5 N o A P R A AR Y I

Mak £ H] 406. 7 nm 806 X408 (5 % P450 4T T
W, Z W) BLTE 446 nm A0 FEFEWR WU o i DA™ 2B T SR HR 200
FEAE 1 372~1 373y BEXD, 1 460 ~1 500 (v; #LF),
1560~1 580Cy, B 1 600~1 640 em ™ (uyo BE) Ak % 4=
PRI IR . Tosha %% R A 363. 8 nm i & Xt H HE 17K
W R A ARAR ) e iR B B o 335 i IR X Hh i 349, 410, 470
676 cm ™ B AF AR I PRI AR . Chi 274 FI H &AM IR L&
DIt bk g DD OE ek IR <1 A R = U B e Aol a1 L)
HH SR SR T & 6Dk I e AN B R BT DA S 3 iR
ey o AR R L LE I A AR S8R . $E 0T 200 nm R F
SR R SRS R A WERE T, T1 AT I X3 v i A Y
P Lh KOk B O A i 2 3k 1 00 % 0 4k i S A A S
2 . Arzhantsev %50 F IR 48 40 & 60 B A AT TR
L, xR B, &4 Novol, Humalog F1 Lantus = Fi fig
B 3AE 195 nm BOLBOE WS b R B, B T B T
Wik R 09 07 B SR R AR A 2R mE B T B AE . 7E 1235,
1 6101 1 655 cm™ ' Bff T H 30 L 412 B & e AiF i 3 20 53X — 3
AT LA 55 B T 2 1 5 R 074 24 v M % R 4 A B
BEMNFFESE . George %R A 514. 5 (AR LR & 1)
229 nmGEIR S0 X 22 0% 7 (ID BEATH 240, % 7 1 AL
68 0 5 R (Trp) A & 82 (Tyo) 4143 76 229 nm ALK
TRRE 7 0 R B2 BT, RS R AE 0 B A
757, 1010, 1 616 A& 1 767 cm™ ' Ak, Tk 64 7E 514. 5 nm
BT RAFAEN T, X SR AE 0 2 LR R o [d FE e S
TG JIIEHE . TR A (BN 222. 5, 242. 4, 250. 9 Fl 230. 6
nm ) MBCR T . JURP AN GRS K FF BD i 4R B2 8 6%
P L RO 8L, L 3 A L RS R A 1 614 em ™' Ab
Cln &l 5 frRs) . — Bt F 40 6 & A . 7€ 218~242 nm X 5]
PG R 938 2 Bl SRR TN &R T = RR 5 & T M
B UVRRS 7. UGBS, &4 40 iz DNA, RNA F17E [AJ5R
05 R LR A 23 B B AN P LR B B R Y BRI . R, %8
AR B R R AR AR P TR T TR AT B A
3.2 DNA #i

AN DNA fb& PR T 8OR & 00 T 8o A ) 3 ik
o . AN M A% DNA B RERETE 260 nm A2 45 1Y UK 6
PR R R A 1 28 Ah L PR B8 % (UVRRS) 58 Ji fix
Mo 257 nm FEI MR EHTERLELEZ G W
UVRRS 5% . 7£ 325, 282 F1 257 nm SFOCHIIR A T » T
My 0 f 3, L E 244 nm &K F FHIRE ALCL.GRITIY

Tl 35 =2 ) A AR AR A5 L AE 282 nm (I R R H SR B0
FARPI 2, RGBT, DNA B 3 (9 S PR Pr = 04 s 3
TE 1427, 1484, 1569 F1 1616 cm™ [t ", George 2
514. SCIEILHR 254 A& 257 nm CHEAR % 14O X 22 % 5 (IdD)
BEAT RS R . B IR OR T MR Ok R . R B DNA
BHEEAE 257 nm A A B E W IR 2 B 4, JF HARE
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167 4% . W] UL 532 nm UKk AT H] T 77 A 5 24 A hr = BUiHE 5 0T
0 BRI RL 2 S 0 BRI, BT LUR R OLX T B
FRig W o A AE TG A P A A (0 % c 2B W LAY .
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1044 cm ' b 3%ty 5 BE 58 K T T X 40 il TR h A 24 0 At
RSB XEETE AR RS . 3 6 M 229 ~ 262 nm [ I K MK
RPN B E R e S IR by 2 M . H AT, 7E AR
VA VR e 52 AL A IR R R B I EL A SCHR T W R
U, B AR AR AL, BT EL, FERRMBE SRR R .
IR o ] 285 90 S A A Y TR R SR B Y 5 A R T 3

14 52 6 O 22 5 [A] A, DATIT 552 30 %) 48 4E 1 1 UVRRS ki £
.
1.0 4 — Solid PETN, 532 nm
—— Solid PETN, 244 nm
0.8 4
=2
< -
E‘ 0.6
g
g 0.4
0.2
0.0
T T T T T T

400 600 800 1000 1200 1400 1600 1800

Raman shift/cm™
B 7 PETN ¥ 532 70 244 nm T B $1 8 5450
Fig. 7 Raman spectra of PETN excited at 532 and 244 nm"*
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A Review of Applications of Resonance Raman Spectroscopy

XU Bing-bing, JIN Shang-zhong” , JIANG Li, LIANG Pei
Institute of Optical and Electronic Science, China Jiliang University, Hangzhou 310018, China

Abstract Raman spectroscopy is a powerful tool for providing information about material structure, but its application scope is
limited due to its weak Raman scattering signal and low sensitivity. However. in resonant Raman spectroscopy (RRS) . the
absorption intensity of the incident light by the molecule is greatly increased due to the frequency of the excitation light source
falls within one electron absorption band of the molecule and the transition to the electron excited state of molecule becomes a
resonance absorption after absorbting photons. RRS can increase the signal intensity by a factor of 10° compared to conventional
Raman spectroscopy. Therefore, it is more widely applied with its higher sensitivity and selectivity, especially in the fields of
biology and medicine. For instance: (1) Analysis of pigments such as carotenoid and chlorophyll et al. in biological matrices;
(2) Researches on organic substances such as cells, proteins, and DNA, as well as the diagnosis of some clinical diseases. RRS
can obtain more important information of molecular structure which is hidden in normal Raman spectroscopy. RRS can be
achieved at very low concentration, and the Raman lines with resonance Raman enhancement belong to the group that can gener-
ate electron absorption, which is crucial to coloured substance and biological samples. The active sites of many of these samples
are close to the chromophore groups, and the object of research is often one part of biological macromolecules, so RRS plays an
important role in researching the relationship of the structure and function of biological substances. In recent years, RRS has
been innovated and extended such as the application of new technologies of Liquid-core optical fiber Resonance Raman spectrosco-
py and Transmission Resonance Raman spectroscopy with the development of spectroscopy. This view summarizes and analyzes
the raw paper, data and main viewpoint of RRS technology applications in recent years. It introduced the historical background
and research status of RRS, and carried out a detailed overview of the application of resonance Raman spectroscopy in the fields
of pigment detection. biology detection and explosive detection as well as the development and application of relevant new tech-
nology. RRS will have an irreplaceable position in the field of scientific research field with the rapid development of spectroscopy

technology.
Keywords Resonance Raman spectroscopy; Pigment detection; Biology detection; Explosive detection
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