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The ability to generate radiation is a universal property of solutions of organic
dyes and other complex molecules (*). The absence of generation may be re-
garded as an exception requiring a special explanation. Generation has been
obtained in many dozens of different compounds, even for molecules with a
negligible luminescence quantum yield, of the order of 0.001%. The principal
difficulties are connected only with the accumulation of particles in the triplet
state and with absorption of radiation by excited particles. Practical limita-
tions are sometimes associated with the absence of intense pump sources at a
frequency v, close to the frequency of the maximum of the absorption band.

In papers (?) a method was developed for calculating the principal energy char-
acteristics of generators based on organic dyes excited by monochromatic radi-
ation. However, in (?) the possible absorption of radiation by excited particles
in transitions from levels 2 and 3 to higher electron-vibrational levels 4 and 5
was not taken into account (see Fig. 1). The analysis carried out in the present
work shows that absorption of pump radiation in transitions 2 — 4 and 3 — 5 is
relatively small. At the same time, absorption of the generated energy usually
constitutes the main source of losses. The calculation is performed under the
assumption that the accumulation of particles at levels 4 and 5 is small. The
formulas obtained apply to the transverse version of the generator.

Fig. 1. Level scheme

The condition of quasistationarity of generation at frequency v, has the form

(*):

hv

kus = Tg [B31(Vg>n3 - Bl3(Vg)n1 - B35(Vg)”3 - B24(Vg)n2] = kp()t? (1)
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where k., = p+1In(1/r,75)/21. Taking into account the relations nypsy = nopo;,
Bi3(vg) = B3y (vy)e™®, where a = h(vy — v,) /KT, and introducing the notation
Xg = B31(vg)nhv, /v and

0y = Bs;5(Vy)/B31(Vg) + Bay(Vg)P32/ B3 (Vg )Par s (2)

instead of (1) we obtain

X —a
f [n3 —nie™® —nz0,] = ko (3)

Since ny + ny + ng = n, it follows from (2) that

nyg 1 —a ng 1o (14ps
S=Slte), = [1 0, ()5] (4)

where § = Kjoss/Xg, C = 1+ (14 p3a/pay)e® — 0.

Ql

The absorption coefficient of the pump radiation of frequency v, is equal to

(Xp = Blgnhz/p/v, b= (l/p —vy)/kT),

kops = Tp [B13(vp)ny — Bgy (v,)ng + Bas(v,)ng + By (v, )n,]

= 21— e = 61+ e 4 o) — B, + B, (7 4 0)].

()

Here 6, is given by expression (2) with v, replaced by v/,.

The absorption power of an active layer of length z is

Wa?bs = lyvup (O) [1 - eikabszh (6)

where u,(0) is the density of the radiation incident on the input face of the
cuvette, and [y is the cross-sectional area of the cuvette.

Formula (6) determines the total power absorbed in all three channels: 1 — 3,
2 — 4, 3 — 5. For generation, only the power spent on excitation of level 3 is
used. Since WL 3 /W2 =kl 3/k,., then

abs abs

WS = @ lyvu, (0)[1 — e Favs?], (7)

abs

where

sovietrxiv.org/items/ru-196801.06955 Machine Translation


https://sovietrxiv.org/items/ru-196801.06955

By = {146, +0)/[L— @) — 6, — 61+ ¢+ pyo /o)) (8)

In developing generators it is advisable to use only those molecules for which
0,(e”® + d) and 0, are considerably less than unity and, consequently, @ is
close to unity. The number of such molecules is sufficiently large.

Since v, < v, Stokes losses always exist; part of the power is expended on

frequency conversion. To take this fact into account, it is sufficient to multiply
(7) by vy /v,

Fig. 2. Dependences of the absorption, luminescence, and heat-release powers
on the length of the generating layer z. 1—Wfbs; 2—<I>pW£bs; 3—(I)pW§bng/Vp; 4
-Q.

In Fig. 2 the dependences of the powers W2, W 3, and W} 3v, /v, on the
layer length are plotted. The difference I between the horizontal straight line
lyvup(O) and the curve ngs characterizes the pump-power losses associated
with incomplete absorption of the incident radiation in the layer z. Difference
IT characterizes the pump-energy losses in the channels 3 — 5 and 2 — 4, and

difference III the Stokes losses. Fig. 2 also shows the straight line

Az Az
z) = —=lyngz = ——lynhv,(e"* + )z 9
Q(z) pal o (67" +0)z, (9)
which determines the losses associated with luminescence in the channel 3 — 1
and heat release in the channels 3 — 2 — 1 (Aj; is the probability of the
spontaneous optical transition, 7 is the quantum yield of luminescence).

The difference

Wen(2) = ®ulyvu, (0)[1 — e o= v, /v, — Q(2) (10)

(the difference V in Fig. 2) gives the value of the power of stimulated radiation of
frequency v, in the channel 3 — 1, i.e., the value of the total generation power.
As z increases from zero to a certain point z,., the value of W, increases
continuously. Increasing z beyond z,,; has no meaning, since generation is

absent in the region z > 2, (see (2)). The optimal value of z is

Zopt — In Y/kabsv (11)

where

Y = {nBy3(v,)u, (0)[1 — e~ (@) — 0, — (1 + e + pao /o) } X
X[Agy (e + )7L (12)
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The optimal value of Wgoen is

” (13)

gen

1
Wl (2 2 2050) = @yl (0) [ 1= (14 lnY)] P
Generation in the optimal regime is realized only for Y > 1. From this the
threshold value of the pump-radiation density is determined:

Ag (e +9)
u;hr 0) = 31 . 14
0= B e @ —0, 50— F o/ Y

If u,(0) — uff*(0), then z,,, — 0; at small pump intensities the generation
process is concentrated in a very thin layer at the entrance face of the cu-
vette. Estimates of nuf(0) for typical parameter values (and 6, = 0) show
that nut™(0) ~ 1 erg-cm™3. At pump densities ~ 10 erg-cm™3, characteristic
of a single-pulse ruby generator operating at the fundamental frequency, the
threshold is exceeded by a very large amount. Generation is sometimes possi-
ble even when the cuvette is irradiated by ruby radiation in the free-generation
regime. To achieve stationary generation, lamps are needed that provide pump-
radiation fluxes of 3 +5 kW -cm ™2 -s71.

The effect of absorption of radiation in the channels 2 — 4 and 3 — 5 on the
generation threshold can be substantial only if the value of 6, is close to unity.

The radiation generated in the stimulated transitions 3 — 1 is partially absorbed
in the channels 2 — 4 and 3 — 5. To take this fact into account, it is sufficient
to multiply (10) or (13) by the quantity Kje/Kioss + Bss(Vg)ns + Bay(vg)na,
equal to

o — 5C
& 6C+0,(6+e9)

(15)

For Y > 100, the energy losses associated with incomplete absorption of the
pump energy, as well as with luminescence and heat release in the channels
3 — 1and 3 — 2 — 1, are insignificant; in this case the limiting value of the
generation power is reached. The limiting efficiency is

’Yglglé?l = (Wgen)lim/lyyun(o) = (pn(pgyg/yn' (16)
The quantity vgéﬁ depends on the ratio of the parameters §, e™%, psy/Par, 05,
and 0,. For § ~ 0, ®, ~ 1, but ®, ~ 0. As ¢ increases, the value of ®, increases
slowly, tending to the limiting value (for small 6,, close to unity). At the same
time, the value of ®, usually depends little on ¢ in the region of small § and
very rapidly tends to zero as it approaches
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§to (L—e @) —0.) /(1+ e+ pgy/py;). It follows from this that, in the
transverse configuration, it is advisable to work with very high loss coefficients.

In order for ®, and @, to be simultaneously close to unity, the condition must
be fulfilled

1—e(att) ¢

E e >p+ Lt > bs o ox (17)
— 1n — e T,
L+ e+ psy/poy Xr = Py rry - C—0

The inequality under consideration can be realized only in molecules with small
0, and p3s/poy. If these conditions could be fulfilled, then the value of 7, would
be close to v, /1, i.e., to 0.8 +0.9. A decrease in 7,75 and [ should, as a rule,
lead to an increase in 7,., and then, very sharply, to disruption of generation.
The search for the optimal value k, is simplest to carry out experimentally,
since the values of 0,, 0,,, and p3,/p,; are usually unknown.
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