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OPTICAL GENERATION USING DIARYL BUTADIENE SOLUTIONS

&
8. I. Dzyubenko, A. M. K&Eﬁ;v. I. G. Naumenko, N. I. Ganushchak, and

Ve A. Vengrzhanowvskiy

Barlier works [1, 2] reported the obtaining of forced emission
of the solutions of the various classes of orgadic dyes when they
were excited by momopulses of solid-state lasers and by the emission

of flash lamps.

Here ve are reporting on the stimulated emission by the
solutions of new organic cospounds - diaryl butadiene - and certain
peculiarities of laser operations using these substances. A list of

the studied compounds and also their spectral-luminescence properties
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are given in the table. The diaryl butadienes are characterized by a
relatively intense absorption in the near UV-region of the spectrunm,
by a large guantuam output of fluorescence, and greater stability to
the action of the UV radiation than the to dyes. Pigure 1 showvs a
typical spectra of absorption and fluorescefce. While measuring the
absorption spectra the studied comppunds were dissolved in hexane and
vhile measuring the fluorescence spectra and generation they were

dissolved in tolyls.

The solutions were excited by the emission of a second harmonic
of a ruby laser with a modulated Q. The modulation of the ruby laser
wvas accomplished by the rotating prism together with a saturating
filter, vhich made it possible to obtain a more stable power of
amission. The laser emission was transformed into an emission of
second harmonic by the KDP crystal. The power of emission of the
second harmonic was approximately 5 MW. Pilter FS-7 was placed
betvean the cuvette and the KDP crystal wvhich atsorbed the emission

of the main frequency of the ruby.

Tolyl solutions of diaryl butadiene were pcured into a
rectangular cuvettes of various dimensions. In the experiments on the
reconstruction we used the cuvettes in which one or both (front or
rear) wvalls were slanted at Brewster's angle. The eXcitation was

accOomPlisShed in the resonator whose optical axis was perpendicular to
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the beam of pumping - a transverse versiom. In some cases a
cylindrical lens with a focal distance of 65 am vas placed in fronmt
of the cuvette for increasing the density of the pumping power.
Purthermore, to decrease the threshold power of excitation of the
solution the polarization vector of pumping emission wvas ariented
perpendicular to the axis of the resonator of a liquid laser [3). The
resonator of a liquid laser was formed by silver and dielectric

mirrors with a reflection coefficient in the fegion of generation of

99 and 409/,

¥e measured the spectra of forced emission of all the substances
studied under various conditions. We have discovered that the average
vavelength of the generation band xcp ccincides with a vavelength of
the maximum fluorascence (see the table) and is independent of the
power Of pumping. The x‘? remains constant also vhen ve change the
concentration of the solutions froa 1073 to 10~ mole/i. Pigure 2

shows the generation spectra of the solutions of substance 8 at

various concentrations and excitation intensities. The variation in
these paraseters only led to a change in intemsity of emission and to

expansion or narrowing of the gemeration band.

The spectral properties of the laser operating on dyes wvere

examined in (V). It was shown that Ao in the esmission spectrum of

P
dyes is usuvally displaced tovards the long waves from the maximum of

fluorescence.
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The frequency of generation was deteraired by the position of
the maximum of the amplification coefficient. In the simplest case of
the two-level model of the working subdbstance the application

coefficient

AV —V)

K, )=o) N,—Ne T ], ()

vhere N, and N, - relative population of the lewels (N ¢ N, = 1);

e(y) = hd/'lUBuz(Q) - maxisum amplification coefficient; N - number
of molecules of the working Substamce in ! ca3; B,, () - Einstein's
coefficient for forced emissions V. = fregueacy of a purely electron

transitione.

From formula (1) it is evident that the generation frequency
coincides with a maximum of the fluorescence in the case vhen N; = 1,
vhich is realized with infinite povers of pumping. The exponent which
eaters the second term of formula (1) causes a Shift in the maximuns
Kye(v) towards the side of long waves. The Lole of this term can be
diminished by decreasing the concentration of this solution and by
increasing the intensity of excitation. However, if the Stokes shift

is so large that /i (vsa—v)»«7T, then the amplification factor
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K, ) =0WN, (2)

In this case the maxisusm Kyc(v) coiacides with a maximum of the
fluorescence band. With a change in the concentration of the
solution, powver of pumping, and Q of the resonator only the absolute
value of !n(v) will change, in other words cnly the wvidth of the

spectrum and the intensity of the generated emission.

W#e will note that the maximum width of the generation band with
the excitation power used by us vas approximately 60 x. vhich is
considerably narrover than the width of the spectrup of the forced

emission of organic dyes [2]-

Using this solution of substance 4 we checked the possibility of
realizing a frequency reconstruction and the narrowing of the
generation band by means of a prisa dispersed resonator [4 ). The rear
vall of a rectangular cuvette made of glass K-8 was used as one of

the prismss cut at the Brewster angle. In additicn to this prisa,

betveen the cuvette and the rear tctally reflecting mirror of the

resonator we placed another one or four prisms made of glass F-1 with

the refracting angle of $3° each (in these cases, the dispersion

dp/ax vas 18.5 and 52.2 angles s/ﬂ. respectively). The wavelength
range, in which the rearrangement vas realiZzed (in the resonators

vith the tvo or five prisams), vas approximately the same (~115-170
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£). The dependence Oof M= on the amgle of inclimation of the rear
mirror in both cases is close to linear. For a resonator with two

prisms this dependence is shown in Fig. 3.

As seen from Fig. 3, by changing the inclination angle a of the
mirror within the limits of 10' in apy directiom from the position
corresponding to the wavelength of tuning A, of the fluoCeScence
saxinua (a = 0), A follcows the tuning wavelength Ao when the
angles of inclination of the mirror are outside this range, at first
there is a splitting of the emission spectrum (the eaission spectrunm
consist of two bands with X = X\, and A = A\g). Then with a further
increase in a the emission is observed only at the maximum of the
fluorescence band (a similar occurrence was observed by the authors
of [6] for the rhodamine 6G during the rearrangement toward the
long-vave side). In this case there is also a change in the direction
in which the emission passes froam the resonator and a sharp increase
in its diversgence- The spectrum of emitted frequencies becomes wider
than even in the case of nonselective resonator, its usual (see Fig.
2), for complex resonators, line structure disaPpears and it becomes
solid. When the rear mirror was removed the emission vas totally
absent; however, vhen the front airror was removed its intensity
increased. The observed emission represents luminescence amplified
vith tvo passes (vwith the presence of the front mirror, and possibly

due to a larger number of passes). With a sufficiently large
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threshold of generation (at frequencies corresponding to the edge of
the fluorescence band) the super luminescence can occur earlier than
generation, Yhich leads to even greater increase in the threshold and
can even totally preclude the possibility of generation at the tuning

frequency of the resonator.

We will note that the spectral width of the generation band of
the prism disperse resonator decreases only by three-four times in
comparison with the nonSelective resonator and comprises 15-20 and
8-15 & in the casas of two and five prisas, respectively. Figure 4
shows the dependence of the threshold pumping power on the angle of
misalignment of the mirrors in a nonselective resonator. The distance
between the mirrors is the same as in the case cf a resonator with
tvo prisms. We can see from Fig. 4 that the regeneration threshold
has lov sensitivity to the inclination of the mirrors, vhich is due
to a large divergence of emission with a transverse version of
fusping (5, 6). Therefore, with the excitation powvers vhich are
considerably greater than the threshcld power (as in our case), one
should not expect a significant narrowing of the generation band by
seans of a prism disperse resonator. Purthermore, due to a large
divergence of emission with a transversed versicn the duration

threshold increases, which limits the range of rearrangement of the

frequencies of a liquid laser.
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Summary

Optical generation is obtained in violet and near ultraviolet region by pumping so-
unons of diarylbutadienes with the second harmonic of a ruby laser. Independence of
"'mgrlrequency of generation conditions is explained.

uning range exceeding 1000 cm~—! was obtained with one of the investigated dyes,
«ng a disperse prism resonator. The returning of lasing frequency to the fluorescence
~ak was observed with large angles oi mirror inclination.
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@ | C3) | (] (5)
MAKC | Ay | gManc | An o
(1) Bemectno a~n':1‘r'u' n":”' ’-2: . 'z"'
€)' 14 2udenurGyrannen-1.3 332 | 490 | 381 | 400
@ 2 I-(n-toann)-4- (n-xnopaudenna)6yrannen-1,3 352 | 570 | 414 | 540
® 3 2-meTHa-1- (n-10aKA) -4- (A-xA0pAHPenna) OyTaauen-1,3 337 | 630 | 422 | 670
4. I-peuna-4- (n-xnopandennn) 6yraanen-/,3 350 | 580 | 413 | 520
5. 2-metua-I- (n-xnopdennn) -4- (n-xnopaudeunn)byrannes-/,3 | 345 | 680 | 420 | 540
6. 1(n-xnopdennn)-4- (n-xnopandenna)Gyrannen-/,3 355 | 560 | 425 | 530
7. I-(0-xaopgennn)-4- (n-xaopaudenna) 6ytaauen-1,3 355 | 590 | 418 | 570

(13)

PumMesanue: ANONS— 11MHA BOAHB, COOTBETCTBYMOIIAS MAKCHMYMY N0J0CH NMOLAOLLE-

BA%, Algors — NOAYWHPHHA MOAOCH NOTJOUIEHHS; A::“ — ANHHA BOJHB, COOTBETCTBYIO-
. 2% MakcuMymy nosocs ¢ayopecuenunn; Alg s — NOAYWHPHHA NOAOCH (BAYOPeCUEHUHH.

X
Table. KEY: (1) Substance, (2) ' )‘rgta).sopp’
max

x¢n ,nha, (5) nm, (6) 1,4-diphenyl butadiene, (7)

nm, (3)AXx ,nm, (4)

absorp
1= (n-tolyl)-4- (n-chlorodiphenyl) butadine-1,3, (8)
2~methyl-1- (n-tolyl)-4-(n-chlorodiphenyl) butadine-1,3, (9)
1-phenyl-4- (n-chlorodiphenyl) butadine-1,3, (10)
2-pethyl-1-(n-chlorophenyl)-4- (n~chlorophenyl) tutadine-1,3, (11)
1(n-chlorophenyl)-4- (n-chlorophenyl) butadine-1,3, (12)

1~ (o-chlorophenyl) -4~ (n-chlorophenyl) butadine-1,3, (13) Notation:
Mors - wavelength corresponding to the maximum of the absorption band;
Ahgors = halfthwidth of the absorption band; e - wavelength
corresponding to the maximum of the fluorescence band; Ahea -

halfwidth of the fluorescence band.
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Fig. 1. Spectra of absorption (1) and fluorescence (2) of substance

4. KEY: (1) na.

Pig. 2. Generation spectra of substance 4; a, b - ¢ = 10”3 moles], P

=1, SN c,d,e, £, g - c=6; 2; 1; 0.5¢10"¢ molesl, P = 5 NV.

Fig. 3. The dependence of A« oOn the angle a of the slope of the
mirrors in the resonator with two prisms. The vertical segments
designate the width of the generation spectrum. KEY: (1) am, (2) a,

angular s.

w, . omn.ed (I)
’-
2-
’ i G, el
(] 10 ¢ yencem (2.)

Pig. 4. Dependence of threshold pumpiag w=. oam the amgle of

misalignment of the mirrors ¢°. KEY: (1) relative umits, (2) angular
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