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Tahle 5.3.1. Soh ·cnt e.f(ects on the specfl·al position r!(the room tempemturefluorescence maxinw ( ~'t, . in cm.1). quantum y ields (f/J1) detC'rminedfor I'(Jriorts 

excitations ( A.,.,c. innm). l((etimes (r. inns) and resulting radiationless (knr• in IO"s·1
) and radiatil·e (k1• in / O-s·') rate cons tants and elcetronie trans ition dipole 

momC'I1fS corresponding to.fluorescencc (M". in D) ą(a/1 the 7-HQCs wrdcr sfluźv. 

Compound Sol ent ~XC 
h C/Jr a 

- c r a knr kr M n V f1 

HQC HEX 345 0.005 19500/20500 (NH) 
ca.24400 (OH) 

EA 345 0.006 20 l OO(NH): ca.24000 (OH) 
ACN 356 0.01 

20200 (NH) 
380 0.04 

1-PrOH 345 0.018 20700 (NH) 
MeOH 343 0.035 20700 (NH) 

H4MQC HEX 347 0.002 20700 (NH); 6 and < 0.3 
21600 (II): ca.24300 (OH) < 0.5(d) and 6 

EA 347 0.003 20600 (NH); 3(d) and < 0.5 
ca.24000 (OH) ::::0.7 and 5 

ACN 347 0.006 20500 (NH) < 0.6(d) and 7 
1-PrOH 345 20900 (NH) 
MeOH 340 0.02 20900 (NH) 

H2MQC HEX 346 0.002 19900/20900 (NH) 
ca .22600 (II) < 0.4 

ca.24000 (OH) 
EA 346 0.005 20900 (NH) 

< 0.4 
ca. 23000 

ACN 346 0.01 
20600 (NH) 

380 0.045 0.9 10.6 5.0 2.7 
1-PrOH 346 0.02 

20900 (NH) 
380 0.064 0.9 l 0.4 7.1 3.1 

MeOH 346 
20600 (NH) 

380 
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( ' lnq,tcr /. ~uppi\rting ln!'nrm:tt i1111 

HDMQC HEX 348 

EA 345 
ACN 342 

370 
1-PrOH 346 
MeOH 345 

HMMQC HEX 346 
EA 346 

ACN 346 
1-PrOH 346 
MeOH 346 

HPQC HEX 350 

EA 350 

ACN 350 

1-PrOH 350 
MeOH 350 

HMPQC HEX 350 
EA 350 

372 
ACN 350 

393 
1-PrOH 350 

376 
MeOH 350 

0.004 

0.005 
0.01 
0.02 
0.023 
0.027 
0.039 
0.037 
0.035 
0.04 

0.023 
0.003 

0.005 

0.013 

0.022 

0.005 
0.005 
0.01 l 
0.01 l 
0.19 
0.03 
0.09 
0.05 

21200 (NH ) 
22300 (II): 23800 (OH) 

21700 

21000 (NH) 

21400 (NH) 
21400 (NH) 
21000 (NH) 
20300 (NH) 
19700 (NH) 
19700 (NH ) 
l 9400 (NH) 

18100/19200 (NH) 
ca.20500 
ca.24000 

ca.20000 (NH) 
2 l 500 (Ił) 

23300 (OH) 
l 9600 (NH): 2 l 500 (II) 

ca. 23500 
19500 (NH): ca.22600 

19100(NH) 
19600 (NH); 23700 (OH) 

19600 (NH), 23700 (OH) 

19600 (NH) 

19600 (NH) 

l 9600 (NH) 

1.5 
1.4 
1.6 
1.8 

4.0 

2.2 
5.7(d) and ~0 . 8 

< 0.5(d) and 4.4 

4.0 
< 0.05(d) and 2.7 
3.9(d) and < 0.3 

6.4 2.6 l .9 
6.9 2.6 2.0 
6.0 2.2 1.9 
5.3 2.2 l .9 

• Error i. a bo ut l 0%. Thus. t he maximum error i s a bo ut 20% for t he rat e eonstan ts knr and kr and a bo ut l 0% for t he transition moment M0. " Seatter o f results: ± 2.0 n m. 
c Seatter of results: ± 150 em·1

, OH, NH. II - assignment of emission. (d) Dominant eontribution. 
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( ll: lpi l'l' i SuppnriJil g ln l'orJ JJ:II i (il) 

Tahlc> 5.3.2. Solvenl c~f/i'cts on tlw ,,pectral position o{ th C' room temperuturC' .fluon.>scence maxima 

(v 17 • in cn( 1
) ci!ITC.\ponding to OH (7-quino/ino/) and NH (7(1H)-quinolinone) tautomerie fórms, 

quantum yields (C/J1) . li/l'times (r. in ns) and rcsulting radiationless (k 111., Ul in cm- 1
) and radialil'f:' (k1• 

l O'' in cm-1
) rate eonstan/s and electronic lransition dipole moments corresponding to fluorescence 

(M11• in D) and t/w lowest uhsorplion hand (Ma. in D) of7-hydrmyquinolines. Aexc (in nm)- excitation 

11 ·m •e/ en g t h. 

Compound Solvent Ma Aexc V n rPr T knr kr M n 
EA 1.7 320 27900 (OH) 0.06 

HQ* 
ACN 1.7 320 27600 (OH) 0.08 

1-PrOH 1.9 330 26500 (OH); l 8600 (NH ) 0.13 
MeOH 1.9 :no 26300 (OH); 18700 (NH) 0.1 

HEX 335 27200/25800 (OH) 
EA 1.7 .:n5 27900 (OH) 0.06 

H4MQ ACN 17 335 27900 (OH) 0.07 
1-PrOH 1.8 335 26ó00 (OH); 18900 (NH) 0.15 
MeOH 1.9 335 26700 (OH); 18800 (NH) 0.13 

EA 1.9 330 28200 (OH) 0.07 - 0.7 13 J. O 2.3 
ACN 1.9 330 28200 (OH) 0.07 - 0.75 12 0.9 2.3 

H2MQ* 1-PrOH 2.0 330 
26800 (OH) 

0.2 
2 

19200 (NH) 5 

MeOH 2.1 :no 2ó700 (OH) 
0.16 

1.4 
19200 (NH) 4.9 

EA 2.0 :no 28300 (OH) 0.08 

HDMQ* 
ACN 2. 1 330 28200 (OH) 0.1 

1-PrOH 2 .4 330 26900 (OH): 19200 (NH) 0.23 
MeOH 2.3 J30 27000 (OH); 19400 (NH) 0.21 

HEX 323 30850/30200/29500 (OH) 0.38 
EA 1.9 323.8 - 30300/29250 (OH) 0.42 3.7 (d)and<0.7 

ACN 1.8 324.5 - 30300/29300 (OH) 0.45 4 (d) and 0 .9 
HMMQ 

1-PrOH 1.9 325 
28500 (OH) 

0.38 
3(d)and 1.7 

20400 (NH) 6.5 

MeOH 2.0 325 
28400 (OH) 

0.34 
2.9 and 1.5 

20500 (NH) 6.1 

HEX 21\400/27900/27000 (OH) 0.019 
EA 2.3 340 26400 (OH) 0.14 1.7 4 .9 0.8 2.3 

ACN 2.4 340 26200 (OH) 0.16 2 4.2 0.8 2.3 
HPQ 1-PrOH 2.3 340 

25500 (OH) 
0.11 

3 (d)and < O.ó 
C. il . 17000 (NH) l (d} and 6.3 

MeOH 2.5 340 
25 100(0H) 

0 .08 
2.3(d)and <0 .5 

c a. 17000 (NH) l (d)and 5 .1 

EA 2. 1 330 26800 (OH) 0.017 

HMPQ* 
ACN 2.0 :no 26600 (OH) 0.017 

1-PrOH 2.6 335 25800 (OH); 17700 (NH) 0.1 
MeOH 2.1 335 25800 (OH); 17700 (NH) 0.09 

* The solubility in 11-hexane is too low to measure the absorption and fluorescence spectra 
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Tah/c 5.3.3. SpeC/1'11! posi1ions o( !he room ll!mpemlure ahsorplion (ahs) um/ .fluorescence (em) 

11w.rillw (in cm .1) o( 7-HQs in neutral ACN soluriuns and unc/er acielic and hasic com/irions. C 

tlenotes t/w assig mnenl c1{ 1hc brnu/s lo t he wutom cric (orm.,· ojjJrn tonated cutiuns. 

+HCI04 +NaOH 
c= 3 mol/dm3 neutral ACN c= 0.2 molldm3 

abs (C) em (C) abs e m abs em 
7-HQ h 28500 22200 30200 27600 
H4MQ C 28800 23100 30000 27900 
H2MQ 30500 28200 

HDMQ " 29100 23900 30300 28200 27800 19500 
HMMQ 29700 24800 30900 30300/29300 

HPQ 27000 21300 29600 26200 
HMPQ 27600 21900 30200 26600 26800 23300 

" Seatter o f results : ± 150 cm-1
• h refs. fS. I , S.2). 'our results are sirnil ar to thośe published in ref. [S.2] 

[S . I] Mason S. F., Philp J. , Smith B. E. , J. C hem. Soc. A, 1968, 3051. 
[S .2] Senda N., Momotake A., Arai T. , Buli. Cl!em. Soc. Jpn. , 2010, 83, 1272 
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Figure 5.3. f. Titrution o( H4MQC so/ution in water with NaOH at 293 K. Le(!: changes in 

ahsorption: right: e\·olution o((luorescence hum/s. The arrows show spectra/ changes accompanying 

t he addition of Na OH. T/w sodium h.Fdroxide concentration mriedfrom U. 3 lo 8. 6 mol!dnl 

400 500 600 700 
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Figw·e 5.3.2. E1'0/ution o(fluorescence hunds under litrarion ofHPQC solution in ACN with 60% 

perchloric acid ul 293 K. The urrows show spectra/ changes accompanying rhe addition ()( HC/04. 

The perchloric acid concentration mriedfrom 0.09 to 4.5 mol/dn/ 
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Fig w ·e 5.4. 1. U V- VIS ahsorption sp ectra of m rinus rotamericforms ofPPP. MPP. BPP. and NPP computed at t he TD-DFTIB3LYP16-3 l +G(d.p) len 'l_{nr t he 

DFTIB3LYP16-3 l +G(d.p) g round-state geometry. The spectra! em •elopcs lt'ere ohtained hr conm !ution o( t/w respectin! stick spectra H'ilh a Gaussian 

function <?{2400 cm·' FIVHM. 
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( 'h:ll1lL' I' 7. ~upp(lrting l nl.nrmnlmll 
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Figure 5.4.2. DFTand TD-DFT computed (at the lel·els o.fBJLYPI 6-Jl+G(d,p)) ground-state and the 

lowest 1(tr.tr*) excited-state dipole moments ą(syn, antil , and taut tautomericlrotameric forms ą(PPP, 
MPP. and BPP. 
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Ch<l plL'r 7. Supp,lning In li.mnation 
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Fig ure S. 5. 1. Comparison rl !he elcetronie ubsmption spectra (){sy n (upper) and ant i (middle) 
rotameric f orms <d. THAIN. THOIN. FURJN. and PYR/N computed at 1he TD-DFTIB3L YPI6-
31 +G(d.p) le1·el(ór t he DFTIB3LYP/6-3 1 +G(d,p) geometry (t he spC'clral e111·elopes a re obw ined by 
com ·o/11/ion ą( t/w respectil ·e stick spectra lt'ith a Gaussiu n fimction ą( 2400 cn( 1 F WHM) wit h t he 
spectrum recordcd in n-hexane (hottom). 
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Chnptcr 7. SuppPrting lni'Pilll <lliPn 

Ta h/e S. 5.1. Ohsened (1111(/er supersonic je/ isoiMion conditions) and ca{culated (a t D F T. TD-DFT. and CIS 83LYP16-31 +G(d.p) /e)'(.>/s) 1·ihrational 
transifi011s ą( FUR/N. DF - dispersC'dfluorescence. LIF - laser inducedfluorescence excitation, i- m ode. S\ '111 - -~ ' '111111elry. 

4 3 3 ' sccr.o l ~ 4' 

6 ~ N l O /, 
\ l' 5' 

7 H 

Monomer S1 Monomer So 
calculations LIF description calculations (DFT) DF 

syn ant i syn anti 
sym I' (DFT) v(CIS) v(DFT) V (CIS) 

63 a 3532 3609 3540 3582 N-H stretcb 3550 3556 
62 a' 3181 3184 3180 3183 tliran CH (CS") stretcb 3186 3186 
61 a 3157 3163 3 150 3158 furan CH ( C3 ·) stretch 3160 3155 
60 a 3149 3149 3160 3157 C3H stretcb 3 143 3155 
59 a 3 14 1 3146 3136 3144 furan CH stretch 3 148 3141 
58 a 3099 3105 3099 3105 benzene CH stretcb 3093 3093 
57 a 3090 3095 3090 3096 benzeneCH stretcb 3083 3083 
56 a 3081 3085 3080 3083 benzen e C H stretcb 3073 3073 
55 a 3074 3076 3073 3076 benzeneCH stretcb 3066 3067 

54 1608 1680 1604 1671 
C2-C2 ' stretcb, 

1604 16 10 a 
in-piane skeleton deforrnation 

53 a 1555 1607 1558 1603 
indole in-piane skeleton defonnation, 

1593 1594 
CH in-piane bend 

52 a 1518 1564 1520 1563 
indole in-p iane skeleton defonnation, 

1563 1563 
CH in-piane bend, C2-C2 ' stretcb 

5 1 a 1457 1512 1447 1511 
furan in-piane skeleton defonnation, 

15 19 1513 
CH in-piane bend 

50 a 1444 1508 1445 1503 
indole in-piane skeleton defom1ation, 

1481 1479 
CH, NH in-piane bend 

49 a 14 19 1464 1421 1466 
in-piane skeleton defonnation, 

1466 1450 
CH, NH in-piane bend 
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Chnptcr 7. ~uppnrting ln f'nnmtt iPn 

48 a 1384 1410 1377 1420 
in-piane skeleton defonnation, 

1431 1423 
CH, NH in-piane bend 

47 a 1377 1422 1370 1398 
in-piane skeleton defonnation, 

1398 1405 
furan CH in-piane bend 

46 a 1344 1338 1350 1381 
in-piane skeleton defom1ation, 

1361 137 1 
CH. NH in-piane bend 

45 a 1306 1379 1326 1357 
in-piane skeleton defonnation. 

1339 1338 
CH. NH in-piane bend 

44 a 1289 1317 1275 131 1 
in-piane skeleton defonnation. 

1313 1318 
CH, NH in-piane bend 

43 a 1260 1272 1257 1281 
in-piane skeleton defonnation. 

1277 1279 
CH, NH in-piane bend 

42 a 1217 1254 1220 1259 
NH, C2H in-piane bend, 

1220 1225 
in-piane skeleton defonnation 

41 a 11 73 1206 1172 1221 
in-piane skeleton defonnation, 

1214 1214 
CH in-piane bend 

40 a 1162 1216 1158 1200 
in-piane skeleton defonnation, 

11 99 1203 
CH in-piane bend 

39 a 1157 1197 1140 1185 
in-piane skeleton defonnation, 

1170 1171 
CH in-piane bend 

38 a 11 22 1139 1122 1144 benzene CH in-piane bend 1140 114 1 
37 a 1110 1152 1104 1142 C5 ' -0 stretch, furan in-piane bend, 11 33 1131 
36 a 1070 1107 1071 II 04 benzene in-piane CH bend, CC stretch 1099 1098 
35 a 1055 1090 1067 1100 C5'-0 stretch, furan, pyrrole CH in-piane bend 1068 1074 
34 a 101 8 1045 101 7 1048 C5'-0 stretch, furan, pyrrole CH in-piane bend 1047 1052 
33 a 986 1006 986 1009 benzene in-piane skeleton defonnation 997 998 

32 a 970 1001 981 1002 
C2'-0, CS'-0 stretch, 

1001 1004 
furan, pyrrole CH in-piane bend 

31 a 915 992 914 993 benzeneCH out-of-plane bend 942 942 
30 a 863 885 864 907 in-piane skeleton defmmation 871 870 
29 a 856 906 854 882 in-piane skeleton defonnation 936 941 
28 a 839 870 838 874 in-piane skeleton defonnation 865 867 
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27 a 836 931 834 929 benzeneCH out-af-plane bend 903 903 
26 a 832 915 824 913 C-rH out-af-plane bend 846 840 
25 a 810 83 1 807 827 in-piane skeleton deformation 863 863 
24 a 787 850 789 85 1 C4H. C7H out-af-plane bend 829 829 
23 a 754 769 754 767 in-piane skeleton defom1ation 77 1 771 

22 a 717 775 737 794 
indole out-af-plane skeleton defom1ation. 

773 787 
indole CH out-of-plane bend 

21 a 684 727 676 742 
indole out-of-plane skeleton deformation. 

739 738 
indole CH out-af-plane bend 

20 a 661 7 13 692 73 1 indole CH out-af-plane bend 7 19 720 
19 a 647 742 645 720 C3 ·H aut-of-piane bend 780 765 
18 a 624 691 622 707 cs· H out-af-plane bend 700 709 
17 a 589 595 588 593 indole in-piane skeleton defom1ation 596 596 
16 a 549 574 550 575 benzene in-piane stretch 571 57 1 
15 a 548 585 585 628 C2-C2. out-of-plane rock 664 672 
14 a 533 544 534 549 furan out-of-plane skeleton defom1ation 579 579 
13 a 519 539 521 535 benzene our-of-plane torsion 560 559 
12 a 502 522 505 523 512 benzene in-piane skeleton defonnation 506 505 
li a 475 475 472 469 N H out-of-plane ben d 615 338 
lO a 430 293 359 259 NH out-of-plane bend 418 6 13 
9 a 38 1 407 388 408 C4H. C7H out-of-plane bend 437 432 
8 a 322 333 319 337 330 indole in-piane skeleton defannaton 327 327 332 
7 a 299 3 12 302 3 15 305 long-axis in-piane stretch 309 306 312 
6 a 253 252 264 271 indole out-of-plane rock 330 323 
5 a 217 226 219 228 indo le out-of-plane torsion 236 236 
4 a !50 152 158 167 out-of-plane rock 195 193 
.., 
.) a 89 94 96 98 89 C2-C2. in-piane rock 101 103 105 
2 a 89 98 77 83 C2-C2. out-of-p1ane torsion 46 31 

a 57 50 58 56 C2-C2. out-af-plane rock 68 68 
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Tahle 5.5. 2. Ohsen ·ed (under supersanic jet isn/{1/ion conditions) and calculated (a r DFT. TD-DFT. and CIS B3LYP/6-3 1 +G(d.p) fe,·e/s) 1'ihratinnal 
rmnsitirms o{ TRAT N. DF- disperscdfluorescence. LIF - laser induced fluorescence excitation. i - m ode. srm- symmerry. 

4 J l' 

'cen),. 
6 ~ N l N 4' 

7 \ J' 
H 

Monomer S 1 Monomer So 
calculations LIF Description calculations (DFT) DF 

svn a/1 fi SV/1 C/11 fi 

sym •·(DFT) •· (CIS) v(DFT) v(CIS) l ' 

60 a 3495 3594 3514 3598 NH stretch 3535 3543 
59 a 3159 3160 3157 3160 CS'H stretch 3162 3 163 
58 a 3150 3145 3168 3 170 C3H stretch 3140 3 16 1 
57 a 3104 3107 3103 3114 benzeneCH stretch 3094 3095 
56 a 3 100 3116 3100 3106 C4 ·H stretch 31 19 3128 
55 a 3093 3099 3093 3097 benzeneCH stretch 3084 3084 
54 a' 3085 3088 3083 3086 benzene CH stretch 3076 3075 
53 a 3080 3080 3078 3078 benzene CH stretch 3068 3069 
52 a 1583 1651 1585 1644 indole CH in-piane bend, skeleton defonnation 1604 1604 

51 a 1553 1617 1547 161 6 
C2-C2' stretch, CH in-piane bend, 

1568 1567 
skeleton deformation 

50 a 1518 1581 1503 1575 
C2-C2' stretch, CH in-piane bend. 

1543 1534 
skeleton deformation 

49 a 1438 1515 1442 1515 CH in-piane bend, skeleton deformation 1480 1484 
48 a 141 8 1466 141 2 1465 CH in-piane bend, skeleton defonnation 1468 1476 
47 a 1388 1446 1400 1447 CH, N l H in-piane bend, skeleton defo1mation 1432 1433 
46 a 1384 1397 1369 1405 C4'H in-piane bend, C5 ' -C4', C4'-N3' stretch 1406 1418 
45 a 1329 1385 1339 1383 CH in-piane bend, skeleton deformation 1395 1396 
44 a 1324 1367 1324 1376 C H, N l H in-piane bend, skeleton defonnation 1346 1338 
43 a 131 6 1340 130R 1320 CH. N l H in-piane bend. skeleton defonnation 1326 13 16 
42 a 1277 1262 1280 1284 CH, N l H in-piane bend, skeleton def01mation 1299 1297 
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41 a 1243 1289 1251 1266 CH, N l H in-piane bend, skeleton deformation 1282 1275 
40 a 1217 1246 1213 1248 CH, N l H in-piane bend. skeleton defom1ation 1213 L219 
39 a l l 75 1212 L 168 1207 CH. N l H in-piane bend. skeleton deformation 1204 1212 
38 a 1152 1205 1160 1193 CH. N 1 H in-piane bend, skeleton deformation l l 72 l 163 
37 a l 127 1140 L 127 1149 C5H, C6H in-piane bend l 137 1134 
36 a 1087 1133 1094 1133 C2'-S l ' .C2 ' -N3 · in-piane stretch, C3H bend l 120 l 124 
35 a 1063 li 08 1066 1098 indole in-piane skeleton deforn1ation 1100 1100 
34 a 1037 1064 1040 1072 C5 ' H in-piane bend 1050 1046 
33 a 1003 1010 963 992 in-piane skeleton defonnation 1027 1012 
32 a 983 1002 993 1006 in-piane skeleton def01mation 996 996 
31 a 927 1002 927 1002 benzene out-af-plane CH bend 945 946 
30 a 878 956 871 953 benzene out-af-plane CH bend 909 908 
29 a 863 887 863 881 in-piane skeleton deformation 871 871 
28 a 849 895 848 891 in-piane skeleton defonnation 890 882 
27 

.. 
837 942 850 948 C4 ·H out-af-plane bend 867 870 a 

26 a 835 865 822 855 in-piane skeleton defom1ation 848 845 
25 a 

.. 825 861 819 865 benzene out-af-plane CH bend 831 803 
24 a 760 776 760 776 in-piane skeleton defom1ation 771 772 

23 a ' ' 724 783 739 81 l indole out-af-plane skeleton defom1ation, 
781 833 

indole CH out-af-plane bend 
22 a 697 730 682 719 in-piane skeleton defonnation 725 721 

21 a 695 721 692 729 indole out-af-plane skeleton deformation. 
740 740 

indole CH out-af-plane bend 
20 a 684 735 701 748 indole CH out-af-plane bend 721 723 
19 a 606 623 596 622 596 in-piane skeleton deformation 627 620 

18 a .. 603 620 594 637 C2-C2 · out-af-plane rock, 
656 645 C3H out-af-plane bend 

17 a 581 595 580 592 571 indole in-piane skeleton defonnation 595 594 609 
16 a 575 660 583 663 C5'H out-af-plane bend 693 687 
15 a·· 566 412 460 247 N 1 H out-af-plane bend 472 331 
14 a 536 560 538 558 benzene in-piane stretch 560 560 564 
13 a 530 553 522 558 out-af-plane skeleton defonnation 597 593 

S.22 

http://rcin.org.pl



Chilj1l L' I 7. ~uppnrtin~ lnl"nrmntiPn 

12 a 520 540 531 543 out-of-plane skeleton defom1ation 560 558 
11 a 470 488 465 489 485 benzene in-piane skeleton defannaton 477 469 461 
lO a 389 446 391 443 C4H, C7H out-of-plane bend 428 427 
9 a 324 359 334 381 thiazole out-of-plane rock 506 496 
8 a 308 318 308 319 307 indole in-piane skeleton def01mation 317 314 
7 a 286 262 278 270 out-af-plane rock 314 313 
6 a 259 270 254 270 263 long-axis in-piane stretch 262 267 270 
5 a 222 232 212 234 indole out-of-plane torsion 240 237 
4 a 137 141 131 136 out-of-plane rock 189 186 
3 a 80 88 90 93 78 C2-C2 · in-p lane rock 96 96 94 
2 a 72 87 43 68 C2-C2' out-of-plane torsion 48 14 

a 48 50 49 46 C2-C2" out-of-Elane rock 66 66 
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