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Fig.2~1 Nz"stimurated emission lines. \

Fig.2-2 Oscilloscope trace of N, laser pulses. 7

Detectored by HTV-R317 photodicde and Textronix 519 |
. e

oscilloscope. Supply voltage 21KV, nitrogen pressure

i
9.9 mmHg, repctition rate 30 Hz. Z»'“S/ofjv’ l
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Table Zi.Concentration.effect on the fluorescence spectra of

DMABN in variocus solvents. (At 20 tgﬁC)

solvent 4¢5:a) [DMABN]. i:;;;§3ﬁQ AN
. (gecr (nm) (nm)

Toluene 2.379 5 x10”° 3602 tc)
(25) 1 360%5 428+2

Diethylether 4.335 5 x10™°  360%2 tc)
(200 2.5x107%  360:2 4272
Tetrahydrofuran 7.58 2 x1075 @ 360%2 43522
| (25) 2 (b) 46022
Methanol 32.70 5 x107° (b) 48022
(25) 1 {b) 47522
Acetonitrile 37.5 4 x107° (b) 47522
(20) 2 | -(b) 465:2

(a) Dielectric constant of the solvent. Taken from Technigues
of Chemistry, 2. Organic Solvents, Third ed., J. A. Riddick
and W. B. Bunger, John Wiley and Sons, Inc., (1970), p. 536.

(b) The intensity was too weak to determine the wavelength
of the band maximum.

(c) Because of the overlapping of the Wand which is much.
stronger than F/a\band, the determination of the peak

wavelength was not possible.

3%
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Table 2-3. Temperature effect on the fluorescence and excita;tion

spectra of DMABN-benzonitrile-cyclohexane system.

. . f e
[Benzonitrile] Temperatpre A max A max
(M) (°c) (nm) (nm)
0 201 3503 2842
5x10™ 2 20%1 360+3 28842
5x10”2 01 390+3 29242
5%10" 2 ~17+1 430:3 297+2
xiax : fluorescence band maximum (corrected).
AE : maximum of excitation spectra (uncorrected).
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Fig. ?‘5{ Fluorescence quantum spectra of DMABN in MTHF
at various temperatures. _ ~10°3M
1: room temperature (~20°C), 2: —50°C, 3: —110°C
7 -t
e (A) 0t

350 400 450 gbOnm
()

» ™ T v
30 400 450 500 nm

Fig. 2 6.Time-resolved fluorescence spectra of DMABN in
MTHF at —115°C. JTEN
(A) Ta=2.0ns, (B) Tg=7.0ns. 107°M
The spectra are not corrected, and the correction will shift
the F, band to the longer wavelength side. The lines at
337 and 357 nm are due to the scattered exciting pulse.
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Fig {2"7!’. Rise and decay curves of Fy, and F, bands.
(It has been confirmed that the intensity of the scattered
exciting pulse can be neglected at 365 nm.) ~to3m

Fluorescence Intensity/au.

300 - 400 500
Wavelength/nm

Fig.2-8 Concentration effect on the fluorescence spectra
of DMABN in diethylether. (DMABN]:l. 5x10™ °mM,
2. 1x10-1M, 3. 2.5x10-1M. The spectra were corrected

for the response of the entire analyzing system.
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Fig.2-9 Concentration effect on the fluorescence spectra of

DMABN in acetonitrile. [DMABN]:1. 4x10-5M, 2. 2 M.

The spectra were corrected.

250300 400 _450(nm) |

ty (uncorrected) —

.
35

Intns

250 30 450(hm) -l

Fig.2-10 Corcentration effect on the fluorescence and excitation

spectra of DMABN in cyclohexane matrix at -45:3 °C.

5 4 3

{GMABN]} : a. 5x10 M, b. 5x10° "M, c. 5x10”°M.

E: exciting light. Eb: excitation spectra of F, band.

b
Ed:excitation spectra of Fd band.



Intensity (uncorrected) —>

300 400 500
Wavelength/nm

Pig.2-11 Temperature effect on the fluorescence and excitation
spectra of DMABN in cyclohexane matrix.
{oMABN) = 5x107 %M.
a. 20%3 °C, b. -2423 °C, ¢. =-4513 *°C.
The meanings of E, Bb and'Ed are the same as those in

Fig.2-10 respectively.

300 350 400 450

1

08} 40,8
o |
9 ]
5 06} 40,6
"é_ L .
o
Bousr 104
<

1,B

I 1 1 [l 2
250 300 350 400 450
Wavelength/nm -,
Fig.2-12 Absorption spectra of DMABN in cyclohexane matrix.

o
N
|
WL
35
N

o
*

Optical path 400 . B. Base line (absorbance of
the déwar and cell containing cyclohexane oﬁly).
{DMABN] = 5x10”m.

1. -20 °c, 2. =30 2 *°Cc, 3. -46 1 °C,

Because of the increase of scattering of light

by the crystallization of cyclohexane, *the base line

is elevated at lower temperatures. However, it is

elevated almost uniformly at all observed wavelengths.




Fig.2-13

300 ' 400 500(nm) ||
‘>_',‘l ] ¥ l:: T - ™ :
Tﬁ - ) . =
i ™~

9 .
5 N '
E:

3 .
o

¥e

-
E "l B

: : 1 » "~ - 1
;1 300 * 400 - 500(nm) _ _

T

Effect of the addiﬁion'debenzonitri%e vpon the

fluorescence spectra of DMABN in methylcyclohexane.

[DMABN] = 2x10° M.

1. {benzonitrile] = O. 21 °cC.

2

2. (benzonitrile) = 4.9x10 “M, 21 °C.

2

3. [benzonitrile] = 4.9x10° “M, -17 °C.

The spectra were corrected.

Fig,2~

300 400 l500(nm)l

14 Fluorescence spectra of DAMEN-benzonitrile system
in cyclohexane matrix.
{oMABH] = 2x1077M. [benzonitrile] = 4.8x10™2M.
a. 20 °C, b. 01 °C, c. -17 2 °C.

The spectra were corrected.
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TABLE2~§ OBSERVED AND CALCULATED FLUORESCENCE
DECAY TIMES FOR TCNB-TOLUENE sYSTEM AT 147°K

Wavelength (nm) Ty, obs (NSEC) Ty, eatc(N3EC)
440 25 30
460 40 50
480 60 60
500 90 90
520 120 105
535 140 130
560 170 135

TABLE 2-6 OBSERVED AND CALCULATED FLUORESCENCE
DECAY TIMES FOR TCNB-TOLUENE SYSTEM IN THE
CRYSTALLINE STATE

(A) at 77°K taking t5=65 nsec

Wavelength (nm) T, oba(N1SEC) Tp, cale(nNSEC)
420 40 40
440 40 50
450 45 55
480 60 65
500 65 65
540 75 70
(B) at 171°K taking 73=70 nsec
Wavelength (nm) T, obs(NSeEC) Tp, ealo(NSEC)
425 35 50
450 55 60
475 80 75

500 110 100
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Fig.2-15 \Luminescencc spectra of TCNB-toluene system at
various temperatures. [TCNB]=10-3m
1. 260°K (liquid state), 2. 146°K (supercooled liquid
state), 3. 113°K (glassy state), 4. 156°K (crystalline state)
5. 189°K (liquid state)
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Flg.2—16‘_ Spectral change in the temperature range 150—
145°K.

1—4: 150—147°K, 5: 145°K.
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Fig'z';7 1 Spectral change corresponding to the melting of the

crystal.
1-—-3: 182—183°K, 4: 184°K, 5: 185°K, 6: 186°K.
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Fig.2-18 Time.resolved CT fiuorescence spectra of TCNB-
toluene system in the supercooled liquid state at 147°K.
Times indicated are in nsec after the rise of the laser pulse.
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Fig.2-19 i Wavelength-dependence of the fluorescence decay

" time in the supercooled liquid state.
\ 1: 147°K, 2: 145°K
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,' Fig.2-20 Rise and decay curves at several wavelengths of the
fluorescence band at 147°K.
(a) 460nm, (b) 500nm, (c) 540 nm, (d) 580nm
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L Fig.2- 21 Time-resolved fluorescence spectra of TCNB-toluene
\ system in the crystalline state. Times indicated are in
nsec after the rise of the laser pulse.

a, 77°K; b, 171°K
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«2-22 Wavelength-dependence of the fluorescence decay
tile in the crystalline state.

1, 77°K;

2, 171K
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Us' ig. 2-23 Possible geometrical configuration of TCNB complex.
(a) Ground and excited FC states; (b) fluorescent state in
rigid solution; (c) fluorescent state in the case of TCNB—
liquid donor two-component systems at room temperature.
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_— ——j ‘;'fabie 2-8. Rate constants and related quantities for pyrene~TBA system. o e
] h ks e
: v, ', X 107, X 107,
Solvent € T e kem™! ¢r nsec M™sec”! sec? o
: n-Hexane* 1.943 0.45 21.8 1 50 0.9 15
—1 MCH 2.023 0.72 21.3 1.0 47 — — T B
Toluene 2.379 0.583 20.0 0.8 37 1.5 2
—_—] IPE -.3.88 0.329 19.8 1.0 33 2.9 3 e
DEE 4.34 0.2324 19.8 0.6 35 2.5 3
. DME 6.8 0.47 18.6 0.14 23 2.5 2 R
THF 7.58 0.486 18.5 0.14 23 2.9 2
| Acetonitrile  37.4 0.359 — — — 5 _— ~
@ Measurements were made at 259°K.
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system.

[pyrene) = 1x10™°M.

2 1l
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g.. 2~25 Time-resolved ﬂuorescénce spectra of pyrene-TBA-n-hexane system at
"2569°K. [Pyrene] = 1-10~8M, [TBA] = 5. 10-*M. Times indicated in the
figure are the values of 7'd in nesc and the spectra are normalized at the monomer

" band
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(b) : Long life component, (c) -0-0-0-: Short life component obtained by subtracting (b)
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A. The wavenumbers of the band maxima of the exciplex fluorescence. Aromatio
hydrocarbon-TBA systems at 204°K

Aromatic hydrocarbon e
Chrysene 22,880 cmt
Pyrene 21,190
1,2-Benzanthracens 21,140
Anthracene 21,060
1,12-Benzperylene 20,200
Perylene -
Corenene -

B. 7, values of pyrene-aliphatic amine systems

Amine %, (at 204°K) % (at T7°K)
TEA 21,140 cm~t 23,920 cra-t
TPA 21,050 23,420
TBA 21,190 21,980
TOA 21,230 22,120

C. Observed fluorescence decay times at the monomer band (r) and the exciplex
band (r’) for various two-component systems

* Exciplex emission was not observed clearly but the

measured at 520 nm.,

at 294°K at 77°K
Systems 7 (nsec) 7’ (nsec) ¥ (nsec) T’ (nsec)
Chrysene-TBA 22 24 30 -
Pyrene-TBA - 30 33 680 92
- 1,12-Benzperylene-TBA 65 66 160 ~ 100*
Pyrene-DEA — 80 280 166
l,l2-Benzperylene-DEA — 20 85 86

decay time was

Table 2-1Q0. The binding energy and the activation energy of excipler formation for

_some two-component system

(in units of keal/mol)

Hydrocarbon Amine B B B By
Chrysene TBA 4.6 4.8 ~4 -
Pyrene TBA 8.0 5.6 25 | ~0.7
Pyrene TEA 4.0 3.8 0.74 -
1,12.Benzperylene TBA 5.6 4.1 ~2 -
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iFig.2-30-, Emission spectra of pyrene-TBA system at 160°K ~ 130°K
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Fig. 2-31" Temperature effects upon the decay time (z') and intensity (I’) of the
i ’ exciplex fluorescence of pyrene-TBA system
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b)
‘\Fi‘g.z-32 . Time-resolved fluorescence spectra of pyrene-TBA system at 156°K.

The numbers in the figure are the 7'd values in nsec and the spectra are nor-
malized at the monomer band. [Pyrene] = 1 - 10-5 M

) O J N

500nm 400 500nm
a) b)

leas

1F19.2-33 mjme-resolved Auorescence spectra of pyrene-TEA system at 171°K.
The numbers in the figure are the delay times in nsec and the spectra are
normalized at the monomer band. Concentration of pyrene is the same as in

Fig.2-32.
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Fig. 2-34, Time-resolved flucrescence spectra of pyrene-DEA system at 77°K. The
spectra are normalized at a peak in the monomer rand. Concentration of pyrene
is the same as in Fig.”" 2-32. :
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TABLE.3-1. LASER CHARACTERISTICS

l1o

T

SOLVENT [ CONC. 7 Ipr

X10™°M &
CYCLOHEXANE 2,02 6 1 1 2.5 14508 1
TOLUENE 2.3 6 4,2 U682
TETRALINE 2.7 6 3 UBeS 2.6
BUTYLETHER 3.1 7 1.85 1.4 4 4583 Y
DIETHYLETHER 4,3 9 1,93 1.3 3,1 4694 5
ETHYLBUTYLATE 5.1 10 3.4 >30
ISOBUTYL 5.3 12 2.44 1.4 4 >30
ACETATE
ACETON 207 25 183 1.0 3.3 >30
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l Fig.3-1 Experimcntal arrangement used for laser studies of ADMA.
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Table 3-3. Ovérlap integral of pyrene(S )- several acceptors. (M),

) EA6) = 0
Acceptor _%___é, d» Ro G4
Perylene (S,) %) 3.4x107 14 37A 0.68X10 "M
< -17 :
Pyrene (So) 2%10 <9.4 >59.2
Pyrene (S) 15007 2sem) fla2
Pyrene (T, ) 3.4x107 14 FeE 3T 08 043

(\a) N. Mataga, M. Kobashi and T. .Okada J., Phys. Chen.,

73, 370 (1969).
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Fig.3-7. Schematic fluorescence decay curves under several
conditions.
The decay curves of
(a) - - - - single exponential function,
(b) eesve...diffusion~controlled bimolecular quench-
ing between excited molecules,
(c) —.—.— S,@So energy transfer of dipole-dipole
interaction,
(d) ———— §;» S, energy transfer of dipole-dipole
interaction between excited molecules,

(e) —..—..— re-absorption effect of Sn&S, absorption

spectrum.
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Fig.3-8. 1/p) vs exp(t/q ) relation plots of schematic

fluorescence decay curves (Fig.3-7.)
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The decay curves of
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ST, energy transfer of dipole-diple

interaction,

{g) ...... re-absorption effect of TneTy1 absorption

spectrunm,

Fig.3-10. 1/p“j vs-ekp(t/q;) relation plots of schematic
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fluorescence decay curves (Fig.3-9.)
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Fig.3-11l. Schematic diagram of the experimenatal system.
F: filter ,L: lens ,M: miller, S: sample cell,

MC: monochrometer, 0SC ‘oscilloscope,

Fluorescencelntensily

.
400

1
0 200
TIME/nsec

Fig.3-12. Observed non-exponential fluorescence decay curve
under focussed laser excitation.

eess-« Single exponential function.
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Fig.3-15. Observed non-exponetial phosphorescence decay

curve under focussed laser excitation.
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Fig.3-16. 1/py) Vs exp(t/q ) relation plots of observed

phoshphorescence decay curve (Fig.8).
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ig.3-13. 1/P¢) vs exp(t/~ ) relation plots, which was

obtained by avaraging ten observations in pyrene-

toluene system.
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2
exp(t/)
Fig.3-14. 1/pyx) vs exp(t/w ) relation plots of pyrene-

dibutylether system.
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Fluorescence and absorption spectra of pyrene.

~ T

Fig.3-1
‘ a) Sn*-s1 absorption spectra from ref. 30,
b) Sn+sl absorption spectra from ref. 31,
nomarized by part a),
c)y - - - T, Ty absorptioﬁ épectra,

fluorescence spectra.
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. FLASH PHOTOLYSIS
41, |
NANOSEC (1077 SEC) ~ PICOSEC (10712 sEC)
ﬁgﬁ)' + ELECTRONIC MODE LOCKED LASER
CIRCUIT + NONLINEAR OPTICS
FLUORESCENCE INDUCED EMISSION
FROM RELAXED STATE FROM NON RELAXED STATE
NSEC INTERMEDIATE SPECIES PICOSEC INTERMEDIATE SPECIES
EXCITING LIGHT LASER EXCITING LIGHT -LASER 2ur
PROBE  XE PROBE (U (SFM. RAMMAN)
PLASMA SPARK TPA AND TPF

RECOVERY OF ABSORPTION

| . . ¢ . . -
! Fig.4-1 Microdensitmeter traces of two photon fluorescence
f

of pulse train from ruby laser.

(a) mode-locked with a brewster angle dye cell.

(b) mode-locked with a 1 mm contact dye cell.
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Fig.4-2 Fxperimental arrangement used for fluorescence

mesurements in ns region.

(a) [

(b v
| LR B R}

I
; Fig.4-3 Oscilloscope traces of fluorescence decay curves
of 9-9'-dianthryl, (a) in n-hexane, (b) in ethylalchol.
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