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Figure 9.13 Dichroism of trans-[Co(en),Cl,]* after the results of Yamada et al. (Joc. cit)on

trans-[Co(en);Cl,]C1-2HCI-2H,0. The full line shows the spectrum with light polarized

parallel {or nearly parallel) to the Cl—Co—Cl axis, and the dashed line shows the spectrum
with light polarized perpendicular to the Cl—Co—Cl axis.

*S. Yamada et al., Bull. Chem. Soc. Japan, 25, 127 (1952); 28, 222 (1955).



| Bengeue]

) ) { |
. "(‘Ztﬂ)s(fN)/‘ Bu+B,, +Bu

2
- Bt + RBia

q
...(Qta) o ‘Al

J
Aw— E,

-4=-:: 2‘3
Ay () (:‘:) Bwloyg)= Q@ + Qog ela)

‘ ) 'Am"IEm
Pna — R , .

: A2y ( ) — 613 :
Mylog) (enn Joul29)= e, =

Aa = R -1
%am . (o\ ): (%ly) -2
Ay (ng) (em> ()= ey, -

o) T 260

Tle virowte PvOo)(esx fow
gl»vab-e . Tl \/IG(O T Pro&:)(c. £5 tOwv
vawt’(\’\'Q QM(hA \\'a —_— ]

Aq

D

20 22 24
V(10% em™)

36

B The 260-nm absorption band of benzene (by permission from
Callomon et al., 1966). The vibronic progression based on the totally symmet-

ric breathing mode # = 920 cm~! is labeled A, A, ..., and the “hot” band
is marked H.



G"O%\Aél— (MM:I exc '\'l—QA— stale

720wc ’]"(‘3
e chron

@o\» J O~
d

T\e Cxc;—ta-\{o»x O.)_ ANA VA A
\.\A‘\"O A \»O\AGO ,Aql \\a (AV\‘.‘I gO\Ao ‘\"é) Of‘g ?.'\"'Q (‘/{Aa WDCS’
and  tuds e eoluqu‘gr(vw*/\

@oﬂc(iua ti“vw\“‘io\/l

Beowt "VB 01—

o M«&twﬂﬂ.

Excited-State Geometries, all Distances in pm

CH,0** CH=CH*
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Rey 111.6 109.2 111 <HCC 180° 130.5° 12'8.0"
JHCO 116.5° 121.5° 116° (trans) (cis)
¢ 0.0 21° 36°

. Bond-length changes of naphthalene (pm) on 310-nm excitation
(adapted from Innes, 1975).
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- Atomic and molecular spectra: a) sharp-line absorption typical for iso-
lated atoms in the gas phase, b) absorption band with vibrational structure typical

for small or rigid molecules, and c) structureless broad absorption typical for large
molecules in solution (adapted from Turro, 1978).
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Absorption spectrum of N-nitrosodimethylaniline in different solvents

(by permission from Jaffé and Orchin, 1962).



Vi erb wy ¢ P(o DmS‘S O W\

Fig. 5-22. Absorption (solid line) and emission (broken line) spectra of N-methyl- L8
carbazole in cyclohexane solution illustrating the approximate mirror image rela-
tionship between absorption and emission. From. LB. Berlman, Handbook of
Fluorescence Spectra of Aromatic Molecules, Academic Press, N.Y., 1971.

10

INTENSITY —

o)

00 se0 ™ g
! 15600
Nl P
i &,
Y

]

VK

log € —
ol
L)

.

TR T N7 1 W T i Ty S N ROV I W
300 340 380 420 460

260

Alnm)

Fig. 5-41. Spectrum of tetracene in benzene solution. From R.A. Friedel and M

Orchin, Ultraviolet Spectra of

Aromatic Compounds, John Wiley & Sons, N.Y., 1951
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Fig. 3-5. Absorption and fluorescence spectra of perylene in n-hexane solution a

room t

emperature [unpublished measurement by Y. Torihashi and the author (n.m.)).

Fig. 12.3 The L, band of benzene, (a) in cyclohexane;
permission from R. A. Friedel and M. Orchin, Ultraviolet Spectra of Aromatic
Compounds, John Wiley and Sons, New York, 1951.)

(b) as vapor. (Reprinted by
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TABLE 1: Summary of Solvent Properties and Steady-State Spectral Data

solvent properties® characteristics of steady-state and “time-zero” spectra® Stokes shift?
solvent no. u € np  F(en) m* E{, Vabs Tabs Vem Tem o j Av

acetonitrile 1 353 359 1342 071 0.66 0460 2438 3.89 1835  3.27 1.74 1.70 232 (10)
propylene carbonate 2 494 649 1420 070 0.83 0472 2405 3.90 1826  3.27 1.99 1.71 2.11(10)
propionaldehyde 3 254 185 1359 063 .071 2431 3.87 1848 336 1.69 1.67 2.08 (10)
dimethyl sulfoxide 4 406 465 1478 066 1.00 0444 2374 . 391 18.03  3.32 2.21 1.71 2.02(12)
dimethylformamide 5 324 367 1428 0.67 088 0386 2395 3.89 1824 326 2.03 1.67 1.98 (13)
nitromethane 6 356 359 1380 069 0.75 0481 2410 3.83 1837  3.18 1.99 1.61 1.92 (10)
acetone 7 269 206 1356 065 0.62 0355 2441 3.87 18.69  3.30 1.65 1.64 1.84(11)
methyl acetate 8 172 6.7 1359 043 049 0255 2473 3.83 19.18  3.37 1.32 1.50 1.65 (10)
HMPA 9 431 293 1457 063 087 0315 2382 3.84 18.41 3.28 225 1.54 1.63 (10)
cyclohexanone i 10 3.08 16.1 1450 057 0.68 0.281 2422 379 18.78 329 1.76 1.49 1.60 (12)
fluoroform (p = 0.84) 11 1.65 62 1.145 054 2555 3.82 1987  3.37 0.66 1.47 1.55 (20)
ethyl acetate 12 182 6.0 1370 040 045 0228 2475 381 19.36 347 1.27 1.43 1.43 (10)
tetrahydrofuran 13 175 7.6 1405 044 055 0207 2469 3.79 1935 336 1.39 1.40 1.31 (12)
benzonitrile 14 401 252 1526 058 0.88 0.333 2396 3.68 1875  3.16 2.06 1.24 1.28 (14)
dichloromethane 15 114 89 1421 047 0.73 0309 2421 3.68 19.15  3.20 1.77 1.21 1.11 (13)
1,2-difluorobenzene 16 240 143 1443 055 0.72 0.265 2440 371 1940  3.28 1.59 1.25 1.10(10)
diethylamine 17 119 39 1383 026 035 0.145 25.01 3.73 19.89 343 1.02 1.16 1.04 (10)
1,3-difluorobenzene 18 158 52 1437 032 050 0204 2472 371 19.89  3.31 1.26 1.12 0.86 (10)
1-chlorobutane 19 190 74 1400 044 040 2457  3.69 19.91 335 1.22 1.13 0.85 (10)
chloroform 20 115 48 1443 029 0.69 0259 2437 3.83 1952 3.20 1.67 1.07 0.79 (12)
diethyl ether 21 115 42 1350 030 024 0.117 2518 372 2032 3.47 0.84 1.06 0.75 (10)
diisopropyl ether 22 138 39 1366 027 019 0105 2526 3.69 2060 3.41 075 092 0.55 (10
1,1,2-TCTF ethane 23 <4 24 1356 010 0.01 0.077 2561 3.66 21.02 346 044  0.78 0.36 (10)
2-methylbutane 24 000 1.8 1351 0.00 —0.15 0.006 26.13 3.66 21.74 3.38 0.00 0.00 0.00 (10)
cyclohexane 25 000 2.0 1424 —0.00 0.00 0006 2598 357 21.75 348 009 000 —0.04(10)
1,4-dioxane 31 045 22 1420 003 049 0.164 2496 3.82 19.74 335 1.02 1.36 1.24 (10)
1,2,4,5-TFbenzene 32 1.407  0.00 2490 373  20.0t 3.34 1.07 1.15 0.92 (10)
1,4-difluorobenzene 33 000 23 1441 003 049 0.176 2480 372 2000 3.31 1.18 1.10 0.82 (10)
1,4-xylene 3 002 23 1493 001 045 0074 2487 367 2007 3.48 1.09  0.99 0.74 (10)
benzene 35 000 23 1498 001 055 0.111 2477 3.65 2000 3.31 1.24 1.00 0.72 (10)
hexafluorobenzene 36 033 21 1375 003 027 0108 2520 371 2046 3.36 0.83 1.07 0.65 (10)
carbon dioxide (p = 0.80) 37 0.00 ~14 1.193 0.00 -0.06 0.030 2629 4.13 2124 3.65 —.06 1.18 0.65 (10)
toluene 38 031 24 149 002 049 0099 2482 367 2020 335 1.14 097 0.59 (10)
n-butylbenzene 39 036 24 1487 002 2492 366 2028 341 1.03  0.88 0.58 (10)
1,3,5-trifluorobenzene 40 ~0 ~2 1414 000 0.18 0077 2540 372 2090 3.32 054 0.84 0.44 (10)
carbon tetrachloride 41 000 23 1460 0.03 021 0.052 2577 389 21.61 3.39 0.67  0.65 0.30 (20)
carbon disulfide 42 006 2.6 1627 0.00 051 0.065 2475 330 2043 3.17 1.37 052 0.09 (10)
perfluorohexane 43 ~0 1.6 1252 000 —048 2645 354 2218 354 -51 019 0.08 (13)
methanol 51 17 327 1327 071 0.60 0762 24.02 397 1799  3.07 2.04 1.85 2.47 (10)
ethanol 52 1.66 24.6 1359 0.67 0.54 0.654 2408 3.88 18.10  3.18 1.95 1.72 223 (17)
1-propanol 53 1.7 205 1384 063 052 0617 24.13 3.84 1830  3.17 1.92 1.53 2.00(18)
2-propanol 54 166 199 1375 063 048 0.546 2416 3.81 18.41 3.37 1.89 1.56 1.95 (10)
1-butanol 55 175 175 1397 061 047 0.586 24.12 3.84 18.32  3.18 190 1.63 2.07(11)
1-pentanol 56 170 139 1407 057 0.586 2413 3.83 1835 3.15 1.80 1.60 2.07 (13)
N-methylformamide 57 3.86 1824 1447 0.72 0722 2399  3.89 1799 324 210  1.69 2.19 (15)
ethylene glycol 58 231 377 1431 067 092 0790 2354 3.93 1762  3.12 2.50 1.80 2.17 (30)
formamide 59 337 111.0 1.447 071 097 0.775 2349 393 1772 3.16 260 171 2.02(17)

¢ Solvents are sorted into three catagories: “simple” dipolar solvents (nos. 1—25), nondipolar solvents (nos. 31—44), and hydrogen-bond-donating
solvents (nos. 51—59). “HMPA” and “1,1,2-TCTF ethane” denote hexamethylphosphoramide and 1,1,2-trichlorotrifluoroethane, respectively. Except
for fluoroform and carbon dioxide, all solvents are liquids at room temperature. For the former solvents, pressures and temperatures (~35 °C) were
chosen to provide near-liquid densities (shown in parentheses in units of g/cm?). ¢ Dipole moments (« [D], taken mainly from measurements in
benzene solution), static dielectric constants (&), and refractive indices (np) are for 25 °C and were taken from the compilations in: Riddick, J. A;
Bunger, W. B.; Sakano, T. K. Organic Solvents; Wiley: New York, 1986). F(eo,n) are the reaction field factors defined by eq 1. The values of
the solvatochromic polarity 7* are from ref 9, and E}’ values are from ref 10. © Vob; and e are the average (first moment) frequencies of the (lowest
frequency) absorption and emission bands of C153. T and Iy are the full widths at half-maximum of these bands. &y and Ty, are the parameters
-that characterize the inhomogeneous line broadening function used to relate the spectrum in a given solvent to that in the reference noninteracting
solvent, 2-methylbutane. o and I'ina are 1espectively the shift and full width of the Gaussian function used to represent this line-broadening
function. (See refs 5 and 6 for details.) All frequencies are in units of 10° cm~". ¢ Estimates of the magnitude [10° cm™'] of the time-dependent
Stokes shift Av = »(0) ~ v(eo) determined from the difference between the frequencies of “time-zero” spectra and steady-state spectra. In determining
these frequencies, we used an average of the first-moment frequencies and the frequencies of the upper frequency half-height points of the spectra.
For nondipolar solvents this procedure is more accurate than using the first-moment frequencies alone, as was done in ref 5. The numbers in
parentheses indicate the estimated uncertainties in the final digits of these Stokes shifts. Because C153 undergoes an excited-state reaction in
carbon tetrachloride, the value of Aw listed for this solvent was estimated from the correlation between Av and i’
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Figure 10. Stokes shift magnitudes Av plotted as a function of the
width (standard deviation) of the frequency shift distribution, Ga,,
calculated from randomly sampled solute—solvent distributions of the
sort illustrated in Figure 9. The line drawn here is the best fit of the
data shown as filled symbols (i.e., the data excluding the hydrogen-
bonding solvents) to the proportionality Av = 0.5404, (R =094, n =
26).
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