


Contents

1. Introduction. By A. Weber ..........

REFETENCES wivswvs wiw s wow 6 015 aiw s 51 w28 560 8

......................................

......................................

2. High-Resolution Rotation-Vibrational Raman Spectroscopy

By S. Brodersen (With 19 Figures) .....couuiiiiiiiiieiiiiiinneennnnnnennns
R R =" ) N
.11 TOtEnSTEY EXDPESSUONS i xims som svws wew sim s 06 w58 5 508 54 § Wik 6 5 W08 508 3 1005 35605
2:0:2 SEIECHTON RUTES! & 505 5ui 6 5 e 5085 5is woi B 475 508 51m 5 b owe s w20 avi oo s 440 o 070 so0mi n
2.1.3 The Vibrational Matrix Element ........cciiiivinininnennnnnnn,
2.1.4 Linear MOTeCUTES .\ uuuiiiereeeteee e eeeenneenenneennenennnnns
2.1.5 Symmetric TOp MOTECUTEE «iu sw s i s s wmv i s wos o 579 6 508 3 668 505 5w 8 8
2.1.6 Asymmetric Top MOTeCUTES ..uiiirnnnieniienernnneneennnnnnens
2.1.7 Spherical Top MOTECUTES tiuiiiurriin et e enennneennnnnnnnas
2.1.8 Comparison with the Theory of Infrared Spectra ...............
2.2 EXpevimienta] TEChTQUE: - s s siors wiv o 15 € ars s s w0 arw 8 5n0 458 5 615 5560 505 08 5 65§ 50d w6
2.2.1 General Features of Instrumentation and Technique ............
2.2.2 Details of Present Instruments ..........ccivivriniiinnnnnnnnnn.
2.2.3 Comparison to Infrared Experimental Techniques ...............
230 RESUVES o v s m wms 6 0w i 5 » 55 6 20 % 908 0w 5 38 6 B 000 8 (6 00 o 05, 0 506 st 5 1 & 8 5 70§ s B o
2.3.1 General ReMarKsS ..uiuuuneuiuiureeeesinnnninnneeenennnnnenenennns
2.3.2 Linear MoTecules ...iuieirinreerenneenenroneunnnnnnannanenanns
2.3.3 Ly MOVECUTES vy wewvmrsiorm s s s oo o s st w0 mon o 10 5 908 S5 8 W 88 3 5 a6
2.3.4 Other Symmetric Top MOTECUTES ..vuvirrreneeireineeennnnnnnnn.
2.3.5 Asymmetric Top MOTECUTES «.vurvururreniieeeneeeeeneeaneeannnn
2.3.6 Spherical Top MOTECUTES .uuiteririnenini i neeninnneannnns
2.031ul.  CONCIUSTON re: ones st o0 s ieyewnss wiors sgens 5 o i 55 5 o 5 & 50, ! 0t NGRS, G 5 5608 5 50
RETEVENCOS v v u immw wiw 505 6 900935 5 505 5 50 §005 5255 8 ook § 508 5 B0 5 500 0815 950 o 690 ¥ B 6015 rom om0 e

3. High-Resolution Rotational Raman Spectra of Gases
By A. Weber (With 19 Figures) ......

3.1

Instrumentation and Techniques

......................................

......................................

71
72



VIII

3.1.1 The Raman Source Unit

........................................ 72
a) The Laser SYSEeM s wwsms o s o sms 5e 55 6 508 06 § 5 8816 9589 5 408 5 5 72
b) The Scattering Cell ... ittt ittt 73
¢) The: T TUMTNAtING OPETES & & soe s s mve s v s wm w10 5 wns wions i 5 0 57805 e o o 76
d) The: Trransfer OPEicS e swsms s 8w oo o mm s & 56§ 8 8 558 $8 & 900 55 5950 77
Bt .2 FANECIES s it fahoins oo o sonBilirm o B X 38 ¥ i o L s i 15 co & 50 400005 B 5 5 00 3 77
31,3 TRE: SPECTTOGRADN o o ainmie s eiasers ovs anes oo o iaim o om0 tonet o toie ‘s« o1 o 5e: 2 ais oo mim o 78
3.1+ Récording MAatEFr a1 .« wuw mw e sio s 5w e sm oo 18 5 w9 9 ¢ gon 0 v @08 3 ivre 80
3.1.5 MWavelength Standards wcuss s 5w snm s s e s s m s s 5 ww e 5 & 8 50 o9 0 8 82
3.1.6 Determination of Raman Shifts .........c.viiiiiiiniiiinna, 82
3.1.7 Photoelectric Spectrometers .......vieiiiniiii i i 84
3.1.8 Interferometric TeChNTQUES . owwwsmmsss woswsmnsmsornsmyeesvs e 84
3.2 Observed Rotational ‘SPeCtra s sw s om s ws s s s sre s s st s w9 o w8 e 0018 wie 5 8 85
3.2.) DTAtomic MOTECUNES: . cuv s wo cum s ved Bt b 0ek ue s 5 i & i s & 508 3k 3 960 5 41 & e 4 30 85
3.2.2 Linear Polyatomic Molecules ... i, 92
B.2:3 Symmetric Top MOTECUNBE siveumemeyimomasiogmnomennoneisameamsasn 96
3.2.64 Asymmetric Top MOleCUTES i suw e ws s sinsmsme sy sms s sm e b s oo g 106
3.2.5 "Forbidden" Pure Rotational Spectra ...........ocvviiineunennnn 114
a) Spherical Top Molecules — Ty Symmetry ..............oevene. 114
b) Symmetric Top Molecules — Cg3, Symmetry .................... 115
3.3 SUMMETY s a v wmsms son s orsovw s s ore o e s o awnus o s wnar s wr e oim s Soca ocw o 0 ¥ il & 1 6% 65 16 0 806 e o 115
RETOVEINCES 55w o7 61« 55 4 605 % 6 955 5 416 550 5 55 & G5 § 10 6 856 8 41 ¢ gac » v 8 81 0 o0 & oms o .0 i w fod ¥ wte 3 341§ % 117
Raman Scattering Cross Sections in cases and Liquids
By H.W. Schrigtter and H.W. Klockner (With 14 Figures) ...........ovvnennn 123
4.1 Raman Scattering Cross Sections in Gases ........c.oooiiviiininaineennn 124
4.1.1 Theoretical Considerations .......oveueuvinieniineneennenns 124
4.1.2 Determination of the Absolute
Scattering Cross Section of Nitrogen ...................ovnnn 127
4.1.3 Measurement of Relative Scattering Cross Sections ............ 130
a) Experimental Procedure ...........ooiiiiiiiiiiiniiiaeiaiinn 132
b) Results .......... 3 03 5 459 0 B S 5 1 B P 4 e o s i 585 135
c) Influence of the Resonance Raman Effect ................... 154
4.2 Raman Scattering Cross Sections in Liquids ........cooviuniieoiennnn 156
4.2.1 Internal Field Effect and Intermolecular Interactions ........ 156
4.2.2 Absolute Scattering Cross Sections ...........ceiviiininnnenns 157
4.2.3 Relative Scattering Coefficients ... 159
4.3 Ratio of the Raman Scattering Cross Section
in the Liquid and in the Gaseous State ..........coivevnnineeennnnn 160
B4 COMCTUSTON + v v v v e e et et anem e ansosnsasnaanaesaananannnnennns 163

REF I MCES vt e eee s enenensasasnsnssonsnsassssesossonasnensnsasassscnsnss 164



Intermolecular Forces Revealed by Raman Scattering

By R.P. Srivastava and H.R. Zaidi (With 4 Figures) ........ccvovivvrnn.n.. 167
5.1 Introductory Remarks . ...iuiiiinnrtnntnie ittt iae s ienennneens 167
5.2 Spectral Function for Raman Scattering ..............c..ciiviivivnn... 169
5.3  IMPACE THROTY: i suuvws smn s s wus o5 595 6t s 90 5508 100 905 405 505 5 586 0¥ A0 6 06 50005 506 58 o 0 e e 174
5.0 TSONATEAd LATIOS oms e i s e om0 5 508 5505 500 6 180 505 5550 5 5550 sl 1ot 0 4200 o s 0 om0 o i 20 o om 177
5.4.1 Calculation of Line Widths and Shifts ............ccoovvvun..., 177
a) Non-Perturbative Approaches ..........cooeiiiiiinenenennnnn 178
B) Perturbative APPrOaChBS’ . wu e e v sms mw s s as 5558 0@a s 179
GOl LLTNE SSIT T 56 s 6515 555 5505 56 .8 5 515 5058 55 5 B0 % om0 0 1w e i 500w 1m0 o o o 184

5.4.2 Comparison of Theory with Experiment and Information
Obtained about Intermolecular Potentials ...........v.vvuunnn. 185
5.5 Overlapping Lines and Band Shapes ......ovveerurireiminnneernnnnnnnnn 189
5.0 StAatiSETEAT THEOITES e sm s msms s msime s e ais 558 40865 8 ma o s oo e o omenson 192
T O o TV I £ 193
5.8 CONCTUSTON Lttt ittt ittt ettt et et e e 197
REFETEITEES 4 vosrsomsms sre o5 55 oo s 60 S8 s s 8 85605 1 5185 408 (0805 805 905 5085 104 5ol B8 80 180 6 dl 658 197

The Resonance Raman Effect

By D.L. Rousseau, J.M. Friedman, and P.F. Williams (With 26 Figures) ,.... 203
6.1 Resonance Raman SCattering .......uveeieeriniieeeeinieneennnnnneennnns, 204
6.2 Diatomic Molecules .............. 30 RIS SIS P TR N T R R 210
6.2.1 Discrete Resonance Raman Scattering ...........coevvvnrnnnnn.. 212
6.2.2 Continuum Resonance Raman Scattering ..............coeviunnnn. 218
6.2.3 Perturbed Diatomic Molecules ......covieiiveniniinnennnnnnnnsn 224
6.3 Polyatomic MOTeCU S ittt ittt it ittt it it eenns 230
6.4 Porphyrin Compounds . ....ouuuntetunnnenernneeernnnneruenansneennnens 233
6.4.1 Porphyrin Absorption Spectrum ...........viiiiiiiiniinnrinnnn. 234
6042 HEIDFUT DABGYAMS s s s ws wm s e 6508 5056 6 o 5w 5505 55 50 5 05 okl o n § 00 S 237
6.4.3 Scattering from Qg, Q1, and B .. .ooi i 239
6.4.4 Anomalous Polarization .........oviiieiniiieeninieennnninenens 242
6.4.5 INLErference BRFECES . o wuowsomswommemessemasesme s nms s i s m s s 244
6.4.6 Non-Adiabatic Effects .....vvvviiiiiiimniiiiiieiieeaannennnn. 245
6.4.7 Influence of Jahn-Teller Distortion ........coviviiiievnennn.. 249
6.5 Concluding ReMArKS ... .ttunveiinen et e eereeerreneennnnnsnennnnnnns 249
RETEFCNEOS! | oun v vum v ms o s 0o 5 090 6 18] 505 5 36 6 58 00 6 % & 948 5 (0 S060 6 4 5 060 500 % 9056 895 0 ¢ 3 105 250

Coherent Anti-Stokes Raman Spectroscopy

By J.W. Nibler and G.V. Knighten (With 21 Figures) ........covvvvivvvnnnn. 253

Fio L TREOYY: &6 o s s o s i s e i 6 o0 500 505 500 50506 605 5 005 Bk o008 508 5803 50 Bl 567 6 mam s o i m 01 0 255
7.1.1 Maxwell's Equations for Macroscopic Samples .................. 255



7.1.2 Symmetry Properties of x(3) .................................. 258
Tlic® CARS AMDITEUAES 1ois o iy ns n o s o oms o comer i o o oo Gt oo o e @ 01 i cnm = Bt g 9 260
Tol:d: Raman AMPIATUAES, «auwcme s vme e s s e s e monia s aie s iob o oms o sose aim e iome aiie s » 263
7.1.5 Microscopic Third-Order Susceptibilities ..................... 265

7.2 Comparison of CARS and Raman Spectroscopy .........ovevivnnniinnnn, 268
T2l STGNAT STREENGENS . covvin oo sio v oie wra oo ave o oo oun v oo 005 08 5083 1603 5080 5 08 268
7.2.2 Lineshapes and Maxima ......cc.eoveeevereaneenrocacsssuoscsenss 269
7.2.3 'SeTectiion RUTES: wswvams s mm o ms o s 55 006 o0 ¢ 9a 836 8 8000 001 978 930 % ioioe e et 272
7.2.4 Orientation Averaging and Polarization Behavior .............. 273

7.3 Experimental Aspects of CARS ..ottt 276
7.4 Survey of CARS Experimental Results ........oooiiiiiiiiiiiiinnneannns 281
T ) SONTAS w55 ms omwsmo 5im s 6 570 55 6 W70 40608 5585 % ¢ 8§ 058 8 908 S0 » W69 ool 9 ¢ & 5o ol it o 281
P82 LTGUIAS: e vie v sib e & lhum 3560 0 67 5 028 50008 9560 4 05 4030 5 1635 570 8 04 8% & 9% #3403 s i 282

T BB IGBSES .o uraeie s it wint o ste st s 02 s wiie wswra win, o s wies 856 & $565 SR E RNE S 05 o 3R 8BS B A B S 283

a) Combustion and Gas Diagnostics .........c..oiiieieinncnnnnn 283

b) Plasma Diagnostics ...vviivrernrnneiienonanennnnanananennns 284

c) Photochemical, Kinetic and Excited State Studies ......... 286

d) High-Resolution SpectroSCOpy .....cvvveevienniiiiiennnennns 287

Zo8: 8 SONUBTONS: 5 me s o s wiw 50 5 wrs e 5 5w 5 5 w5 s 0t o e o 5o 0 o oot » s w401 o wes ser o e 018§ 5 289
7.4.5 Background Suppression in CARS ..., 291

705 SUMMATY oov o e ecn o aoaim oo s oo s 6 fore b o a0 2085 816 o0 s 816 wis 6 008 908 8 WO 808 5005 58 s e wim n e 294
REFBPETIEES s s 51« s o so1g mire o v o wres wti o ot st = s oo (o5 e oo § 3 358 5 5060 051% B50 3 0% B 5 903 L % 3 295
Additional References With TTUELES «.uueeeereen et iunnetieuiiiaeetanennniaeaon, 301

SUBTEEE THTBE s ove s s ioore it s one st e se simt o s w8 msn i o i, 7608 573 400§ 9981 U303 W 00805 40 3 8 3 S0 5 L4 6 307



	page1
	page2
	page3
	page4
	page5

