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According to G. P. Smith the concentration changes of colour centers
in photochromic silver halide glasses may be expressed by the following
linear differential equation:

d—c =1 kdI,zA =¥ (kij + k;) C

dr
As apparent from the given equation, the changes of colour center con-
centration with time are influenced by two basic factors; the formation
and the destruction of colour centers, one of which always predominates.
The equilibrium between the formation and the destruction of colour
centers 18 dynamic. The activated state represents a higher level of
energy; once the process of activation is over, a transition to a lower
energy level occurs due to relaxation; this represents a return to.the
original state. Colour center formation is caused by short-wave and near
ultraviolet radiation effects; colour center destruction is caused by long-
wave visible and infrared radiation and by thermal effects. However a cer-
tain part of the visible radiation spectrum does not affect either the for-
mation or the destruction of colour centers.
The linear differential equation was solved both for the formation and
Jor the destruction of colour centers. The process of formation may be
expressed by the following equation:

T — Ts = (To — Ts) o~ kale + ki)r
and the process of colour center destruction by the equation:
T — T = (T's2 — Te1) 0~ (kelt + ki)

INTRODUCTION

G. P. Smith [1] espresses the colour center concentration changes in photo-

chromic silver halide containing glasses by the following linear differential
equation
d¢

dr
‘Where: C' = concentration of colour centers
kq = darkening speed constant
ks = optical decoloration speed constant
kg = thermal decoloration speed constant
I4, I; = intensity of radiation, which causes darkening and decoloration
(the formation and the destruction of colour centers)

A = concentration of active centers in glass
T = time

= kalgd — (ksls + ki) C. (1)
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1. Fanderlik:

As apparent from equation (1), the change of colour center concentration
with time is influenced by two basic factors, namely the formation and the
destruction of colour centers; one of these processes always predominates.
It is therefore a reversible photochemical reaction influenced by kv, and h»,
and can generally be expressed by the following equation

h‘l’l
AgCl = Ag® + CI° (@)

V2

Colour center formation is caused by short-wave visible and near ultraviolet
radiation; on the other hand the destruction of colour centers is caused by
long-wave visible and infrared radiation and by thermal effects (radiant heat).
When equilibrium is attained, that is when the concentration of colour
centers after activation does not change more with time, the following equation
is valid ;
dc

=0 (3)

and the equilibrium concentration of colour centers may be expressed by
equation (4)
kalad -

THEORETICAL PART

The solution of equation (1) for the formation
and the destruction of colour centers

Equation (1) can be solved for practical purposes either by substitution or
variation of constant. The solution by substitution method is as follows:

dC
& = = kalaA — (ksl; + kt) c (5)
Q kalaA
C=__"%Y e di+k)z J "¢
(a5 RN 7 Py &
where ) = integration constant.
Let
kalad
R ™

where: Cs; = equilibrium concentration of colour centers (for the formation
of colour centers). It is unambiquous (see Fig. 1). Theoretically
it is the concentration attained for z — 0.

Hence
: Q

C—Cs =——2——. st ke 8

51U orLy 1 o) @)

The integration constant can be calculated from the initial condition. As-
suming that for t = 0, C = C, hence
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The Kinetics of Colour Center Formation and Destruction...

S e ©)
Q = (ksls -+ ki) (Co— Csi). (10)

By substituting for @ in the original equation we obtain
C — Cs1 = (Co— C,) . e~tkels + ke (11)

where Cy = the initiéil} concentration of colour centers before irradiation.
It is unambiques (single-valued) (see Fig. 1).

PRACTICAL APPLICATION

In this study photochromic glass containing AgCl microcrystals was used [4].
Fig. 1 gives the typical curve for the 550 nm wavelength, characteristic for
the formation of colour centers in photochromic glass containing AgCl micro-
crystals. The glass was irradiated by the HQA 125 W mercury vapour lamp.
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Fig. 1. Dependence of optical density difference [A"] on time of irradiation[A" = D(z)].
Formation of colour centers
Co - nitial concentration of colour centers before irradiation
Cs: — equzhbmum concentration of colour centers following irradiation

The figure gives the dependence of absorbance value [4”] differences on the
time of irradiation (7). The absorbance differences were calculated for the
following relation:

arm =l ()] o

where A’ = absorbance, calculated from the experimental values for transmit-
tance [7'] during irradiation [4’ = f(7)]
A" = absorbance, calculated from the experimental transmittance
values [1"] before the glass was irradiated; it is the absorbance
of the glass in a darkened room (v = 0).
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When a sample of photochromic glass is irradiated, the formation of colour
centers does not take place in the bulk evenly. In the surface layer of the glass,
where irradiation impinges, the concentration of colour centers is highest and
it decreases in the direction in which the signal of light passes the glass. This
is caused by the decrease in the intensity of the activating UV radiation as
a result of the colour centers already formed in the surface layer, where their
concentration is highest.

The screening by the activated colour centers can best be imagined by
dividing the plate of photochromic glass into a large number of layers of uni-
form thickness (2). The change in optical density of each of the sensitive layers
as ‘a function of radiation intensity is given in Fig. 2.

1

Am

0

Fig. 2. Change in optical density [A™] in terms of activating radiation energy (E] in photo-
chromic glass divided into 8 thin layers
I — surface, II — surface 2, III — resuting photochromic glass

The steep curves 1—8 represent the thin layers of photochromic glass
(Fig. 2). Curve 1 represents the layers of glass nearest to the surface, layers
2—8 are further and further away from the glass surface and therefore require
greater irradiation energies in order to obtain the same degree of irradiation
as the first layer.

- The thickly drawn curve with a smaller slope represents the resulting curve
for the glass plate of thickness [d].

For the quantitative expression of the effects of thickness [d] on the forma-

tionJof colour centers (2) the absorption coefficient (k] is used.

k=a.s. (13)
which expresses the total attenuation of the light. In equation (13)

@ = absorption
8 = diffusion (scattering)

Between the intensity of the transmitted light I, and the incident light I,
for the passage through the medium of thickness [d] having an absorption
coefficient [%k] the following well known relation (14) is valid

Iz = Il .e7ka, (14)
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Therefore
e I, — a—kad 15
T iy i (15)
The transmittance values [7'] as a function of thickness [d] for two types

of material are given on Fig. 3.

The [k] values for the bleached pho- 100 fr==y=—=g==
tochromic glass No. 2 (Bact = 0) lay ‘\\‘ ' i 1
between the values for the transparent 50 I
silicate glass No. 1 (Corning 7910) and ‘ 3 2
the values for the activated photo- 3 W | N
chromic glass No. 7. - ~.20 \' :

Only in the case of Corning 7917 x AR R
(glass No. 1), photochromic glass for ‘:10 \.,\\ - M
Eaet = 0 (glass No. 2) and the photo- ‘Q 4 ML RS
chromic glass at an infinite time of ir- 5 — “\\ - \\
radiation (glass No. 7) can the ab- \ R .. [\
sorption coefficient [k] be considered 3 5T S I
as a constant and the absorption ex- 2 '”\.\., < ¥
pressed by Lambert—Beer’s Law. \\ A B 2

It is apparent from the transmittance 1 N _
curves [7] on Fig. 3 that the absorp- \ NN
tion coefficient [k] for irradiated glas- 05 —P—f f_
ses (0 < T < ) cannot be considered r, \ | N i
as a constant, as it is a function of the o \ .
distance from the irradiated surface Q2 :
layer and the energy of the activating 7\
irradiation. o1

In order to obtain an approximate 0 1 2 3 4 5 6 7
solution we may assume that the ab- d[mm)]

sorption coefficient [k]dependsonthick- gy 3 Pransmittance T [%] values in
ness [d] and the duration of irradiation  terms of thickness [d] of two types of glass

[z]- The exact solution of these relations 1 — borosilicate glass CGW 7910
is however rather complicated and 2 - bleaéhed g’w“’c"zomw glass
would require two partial differential AV actinatad Aporoohronvis gidse
equations. ; Bpcr = 10mJem?, 0 < v < ©
However it is usually assumed [as 4 — activated photochromic glass
suggested by G. K. Megla (2)] that the ; fﬁTaZigthZh]%ZZ’cgmfn i3 <la:‘;
absorption coefficient is in direct re- Bacr — 300 mg/cmz’ 0 < Tg 2%
lation with the concentration of colour 6 — activated photochromic glass
centers. EBycr = 1Jjem?, 0 < 7 <
Then 7 — activated plwttgchtrpmitq glass T — oo
k i K(.’E + .D). (16) T — acrwarion time

~where K = proportionality factor
2 = concentration of colour centers being formed
D = concentration of stable colour centers.

For limited ranges of time and thickness (see Fig. 3) a good agreement
was found between the theoretical and experimental values. Large deviations
were however found for cases where [7] and [d] attain high values.
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When the absorption coefficient, which contains both the absorption and
diffusion values (see eq. 13) is proportional to the concentration of colour
centers (16), eq. (11) may be written as follows:

a—ag; = (a,o — a’Sl) e—(krls + k) . (17)

where a represents absorption.
When ¢ = 1 — T, then

1—T—1+4 T =(1—To—1+ Ts,) . e~srlr+ k= (18)
Multiplying by (—1) and taking the logarithms, we obtain
log (T — Ts,) = log (To — T's1) — (kels + ke) T.0,434 (19)

where 7' = transmittance, measured for different intervals of time
Ts, = equilibrium transmittance for the formation of colour centers
T, = initial transmittance, measured in a darkened room before ir-
) radiation was carried out. -
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Fig. 4. The function log (T — T's1) = P1(7) characterizing formation of colour centers

The equation (18) is valid for the formation.of colour centers when radiation
causing both the formation and destruction of colour centers is present and
when thermal destruction takes place. When only the radiation which forms
the colour centers is present, Iy in equation (19) is equal to zero; similarly in
the absence of thermal decoloration kv = 0. .

In Fig. 4 are given the experimentally determined values for a photochromic
glass containing AgCl microcrystals. From the measurements which have been
so far carried out it is apparent that the linear differential equation (1) cited
by G. P. Smith is applicable in the case of colour formation kinetics and that
it can be successfully used (19) for the calculation of reaction constants.
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The Kinetics of Colour Center Formation and Destruction...

As ksl = 0 (measured in a darkened room) and Iy is constant, the speed
of colour center formation is affected by the constant of thermal bleaching %;.

As the equilibrium between the formation and the destruction of colour
centers is dynamic (a reversible photochemical reaction) the differential
equation (1) is valid for both the processes, that is both for the formation
and the destruction of colour centers. The activated state is on the higher
energy level and due to relaxation processes a transition to a lower energy
level occurs after a definite time when the activation process in over.

For the destruction of colour centers in photochromic glass containing
AgCl microcrystals it is apparent that the initially high reaction rate becomes
lower later on (see Fig. 5).

|
7
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Fig. 5. Dependence of optical density differences [A”] on time [7] following activation
[A” = @(7)]. Destruction of colour centers

From the course of characteristic functions, obtained for the destruction
of colour centers (4” = ®,(z) it is apparent that in the limited period of time
during which measurements take place there is a marked decrease of colour
center destruction speed. This case we will call Cs.. It can be explained on
the basis of photochromic processes, which take place in AgCl ionic
crystals (3).

Fig. 6 demonstrates the course of the formation and the destruction of
colour centers in AgCl crystal, doped with 0,02 mol 9%, of Ag.Se. The destruction
of colour centers is in this case caused by red light irradiation. The absorption
of long-wave radiation by products of photochemical reactions [Ag®] frees
electrons; all the freed electrons do not however recombine with the original
centers (they do not return to the original positions where they were before
activation). A large number of electrons is bound by other deffects, so that
during the limited period of time in which measurements take place the same
state [Cy] as before activation is not attained.

The original state is attained after a longer period of time and the time
course of electron liberation from these deffects differs from the time course
corresponding to the reaction (2) activated by radiation of energy Av,.
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The destruction of colour centers could therefore according to this hypothesis
be expressed by the superposition of two exponential functions with different
time constants. According to this hypothesis glass in the Cs; activated state
should have a different spectral absorption than glass beyond the Cs, state,
if at least two different types of colour centers are taken into consideration.
Spectral absorption measurements of photochromic glasses containing AgCl
microcrystals were therefore carried out before activation, after UV irradiation
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Fig. 6. Formation of photochemical process products in terms of irradiation time in AgCl
monocrystal doped with 0.02 mol. % of Ag:Se

I — following first irradiation (& = 405 nm)
II — destruction of colour centers by red radiation
111, — re-irradiation (A = 4056 nm)

III, — re-srradiation (A = 405 nm)

(equilibrium concentration of Cs; colour centers) and after 1/2 hour’s destruc-
tion of colour centers (after Cs;). The course of spectral absorption is given
in Fig. 7.

Ac%ording to the spectral absorption curves it is possible to deduce that the
destruction of colour centers really takes place by the decomposition of at
least two types of specifically absorbing colour centers.

Before irradiation photochromic glass has a certain absorption in the visible
part of the spectrum, caused by the original concentration of colour centers Co.

Exposed glass, when measured 1/2 hour after activation has been carried
out, has a practically identical course of spectral absorption, even if the
absorption values are higher over the whole range as compared with the unex-
posed glass. It can therefore be presumed that the colour centers are of the
same type.

On the other hand, exposed glass measured at the equilibrium concentration
of Ag° (state Cs;) shows a different course of absorption with a maximum at
cca 520 nm.

Fig. 8 gives the absorption spectrum of AgCl ionic monocrystal before (1)
and after (2) irradiation. The absorption bands of the irradiated photochromic
glass and of the irradiated AgCl monocrystal are practically identical in energy;
the wave lengths for which the absorption bands are registered are also in
agreement,
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The Kinetics of Colour Center Formation and Destruction...

The destruction of colour centers can therefore in all probability be expressed
by the superposition of two exponential functions with widely different time
constants.

Megla (2) also takes into consideration both for the formation and for the
destruction two types of colour centers.

In the first period, that is from v = 0 (equilibrium concentration of irradia-
tion formed colour centers; Cs; = initial state of destruction) up to state Cs,
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Pig. 7. Absorption spectra of photochromic glass Iig. 8. Absorption spectra of AgCl
condaining AgCl microcrystals monocrystal

1 — activated photochromic glass (state Cs.) 1 — prior to activation (irradiation)

2 — photochromic glass following 1|2 hr destruction 2 — following activation

of colour centers (following state Csz)
3 — bleached photochromic glass (state Cs)

the destruction of colour centers takes place according to the reversible
photochemical reaction (2) activated by energy Av..

A liberation of electrons from places of electron capture (colour centers Ag°)
and their return to the original state before activation takes place. This process
isrelatively fast, as the colour centers were in a metastable state. After a certain
period of time state Cs, is attained; the rate of destruction slows down and
it takes place in accordance with an exponential function with a large time
constant.

The course of colour center destruction in the second part, that is from Cs,
to 7 — oo, which takes place according to an exponential function with a large
time constant differs from the course as shown by eq. 2.

For practlcal purposes it is therefore necessary to define accurately the
state Cs;. For the solution of the homogenous linear differential equation of
the first order it is apparent that in the case of a 29, accuracy of measurement
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. the equilibrium state may be defined by the quadruple of the time constant [z']
as diagramatically shown on figure 9. In the case of the validity of the linear
differential equation (1), for the destruction of the Ag° colour centers, the

. quadruple of the time constant will define the Cs; value. For its definition the
graphical method was used; even if some inaccuracy is taken into consideration,

——=[min]

Fig. 9. Typical course of one cycle of colour center formation and destruction in photochromic
glass with specified basic states Co, Csy and Csz2 (diagrammatic representation )

I — irradiated Il — non-irradiated
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Fig. 10. Function log (Tss — T) = P1(7)

Fig. 11. Function log (T's: — T') = PDy(7)
for T's, defined 27’ _

for T's; defined 47’

it is satisfactory for a first approach. A tangent to the given curve is constructed,
starting from the equilibrium Cgs; position.

An analysis of the applicability of the quadruple of the time constant (47’)
for the definition of Cg, was carried out. Figs. 10, 11,.12 give the functions
log (T's; — T')= ®,(z) for different numerical values 7's, (from 27’ to 8t’) of
a photochromic glass containing AgCl.

From the course of the function it is apparent that the 7T's, value affects
to a large extent both the linearity of the function and the speed constant
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The Kinetics of Colour Center Formation and Destruction...

(slope of curve). For ex. in Fig. 12 (87’) the numerical solution of equation (21)
does not have a linear course, because the value for 7's, also includes the course
of the destruction of colour centers of the second type for the region from Cis,
to T —> oo, with a markedly larger time constant than for the first type (v = 0
to Cs;). The course is therefore not linear.

On the other hand the function in Fig. 10is linear; it is however necessary to
take into consideration that in this case T's, varies to a large extent as a function
of time. rd

For the expression of the function in Fig. 11 the T's, value defined by 47’
was used. The course is linear and in the case when the T's, value is defined
by the quadruple of the time constant for all further calculations, the speed

. 8%
— 1\\
~
, oy
2 : \
ey % o o
il ] i
~ ,\
0 5 10 15 20 25 20
% [min)

Fig. 12. Function log (T'sz — T) = D,(r) for T's: defined 81’

constant obtained can be used for the analysis of the kinetics of this process.

Considering that during the destruction of colour centers a state defined
by 47’ (designated as Cs;) is attained, than for the destruction of colour centers
which takes place during the first stage (z = 0 to Cs;) according to eqn. (2),
eq. (18) can be used, and accordingly

Ts —' T = (T,Sz — TSI) Le—tkels + k) (20)

where T's; = transmittance at Cs, for the destruction of colour centers
T = transmittance measured at various time intervals (z = 0 to Cs,)
Ts, = equilibrium transmittance for the formation of colour centers
(for the destruction of colour centers it is the initial state (z = 0)).

By logarithmic calculation of eqn. (20) we obtain
IOg (Tsz — T) = log (TS2 - TSI) il (kfIf + ]Gg) T. 0,434! (21)

On' Fig. 13 the experimental values for the destruction of colour centers
in AgCl containing photochromic glass are given. From a series of measure-
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ments and calculations it may be assumed that eq. (20) and (21) can be used
for expressing the destruction of colour centers of the Ag® type, that is centers
defined by the first part of the destruction (z = 0 to Csz).

Similarly as in the case of colour center formation, under the same conditions
of measurement the speed constant of colour center formation is positive, as in
the first case the formation and in the second the destruction is followed.

Sema 0,
-0

|
T
/

o 20 240 360 460 600 720 80 960 1080 1200 13920 #40 1560 1680 1800
+(s)

Irig. 13. I'unction log (Ts2 — T') = Di(x) characterizing destruction of colour centers.
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Tig. 14. Typical course of one formation and destruction cycle of colour centers. Destruction
¢nvolves activating radiation on the condition that

Ia > Iay > Iaz > Ias.

The glass was activated by Is radiation.

It is presumed (2) that the thermal destruction of colour centers is caused
by the thermal excitation of electrons, while optical destruction is caused by
the excitation of vacancies.

Let us consider a photochromic glass, irradiated by radiation of intensity 1.
When the destruction of colour centers is measured in the presence of the ra-
diation which causesthe formation of colour centers,however of a lower intensity
(Iga > Ia), only a partial destruction takes place and a new. equilibrium
state is created, corresponding to the intensity of the activating radiation
(because, according to the eqn. (4) the equilibrium concentration of colour
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centers is proportional to the intensity of the radiation which causes the forma-
tion of colour centers).

If the intensity of the activating radiation during the measurement of colour
center destruction is further decreased to zero (Igs) the destruction of colour
centers takes place without the presence of activating radiation and the equi-
librium concentration of colour centers corresponds to a new equilibrium state
(see Fig. 14).

If the destruction of colour centers takes place in the absence of I, radiation
the destruction is affected only by thermal conditions.

In the absence of I; radiation and thermal destruction, the destruction of
colour centers does not take place. It is the case when activated photochromic
glass is placed in a dark room in a medium of a very low temperature (liquid
nitrogen).

CONCLUSION

On the basis of the analysis of kinetics of photochemical processes carrie
out in this work these glasses can be defined by the following properties.
Ty = initial transmittance of glass prior to irradiation (at a given temperature
and eventually under given intensity of the light for a given wavelength)
Ts, = equilibrium transmittance for formation of colour centers (during
irradiation from a defined source of radiation at a given temperature,
eventually under radiation causing destruction of colour centers for
a given wavelength) when

aCs,
dr

Ts, = transmittance for destruction of colour centers (at a given temperature
and under given intensity of the light for a given wavelength) when

dCs; .
~Lr&o. (23)

‘I'ransmitbance T's; is defined as a quadruple of a time constant for destruction
of colour centers 47’.

The value T's; must be supplemented by a time factor indicating the time
needed to reach the state 47’ after the activation process is over. (Example:
TSz = 60 %(lomin))-

On the basis of the measurements it is possible to evaluate constants kg,
ky a k¢ using the equations (19) and (21) and express mathematically the
kinetics of formation and destruction of color centres in photochromic glasses
containing silver halides. The results of the measurements will be published.

= (22)
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STUDIE KINETIKY TVORBY A DESTRUKCE BAREVNYCH CENTER
VE FOTOCHROMICKYCH SKLECH, OBSAHUJICICH
HALOGENIDY STRIBRA

Ivan Fanderlik

Stdtni vyzkumny dstav skldarsky, Hradec Krdlové

Podle G. P. Smithe muzeme zménu koncentrace absorbujicich barevnych center s dasem
(ve fotochromickych sklech obsahujicich halogenidy stifbra) vyjdd¥it linedrni diferen-
ciéln{ rovnic{

% = kalgA — (kels + k) C. (1)

Z rovnice vyplyvé, ze zménu koncentrace absorbujicich barevnych center s éasem ovliv-
nujf dva zékladni déje, tj. tvorba a destrukce barevnych center, pfidemz jeden déj

- vidy prevaZuje. Rovnovéha mezi tvorbou a destrukei barevnych center jetedy dynamické,
tj. aktivovany stav je na energeticky vy&if hladiné a v disledku relaxaénich pochoda
dochézi po ukonéen{ aktivace k pfechodu na hladinu energeticky nizsi.

Lineédrn{ diferencidlnf rovnice byla v této préci feSena jak pro tvorbu, tak i pro de-
strukei barevnych center metodou substituce.

Tvorbu barevnych center muzeme vyjddtit rovnict

C — Cs1 = (Co— Cu)-e"(k’l’ + kv, 2)
Je-li '
k=a.s (3)
a podle (2) : ) :
k= K+ D), _ (4)
pak pro praktickou aplikaci miiZeme pro tvorbu barevnych center v pfipads, Ze
- e=1-17, ()
Ps }
T — Ty = (To — Ty) . e=Csls +07, (6)

Z provedenych méfen{ vyplyvé, Ze tato rovnice je vhodné k vyjddfeni kinetiky tvorby
barevnych center a vypoétu jednotlivych konstant reakce.

Vzhledem k tomu, Ze rovnovéha mezi tvorbou a destrukef barevnych center je dyna-
mickd, plati diferencidlnf rovnice (1) pro oba pochody. Destrukei barevnych center tedy
muzeme vyjadFit rovnic{

Ty — T = (Tsz — Tsy) . 0-Fsls +ik)w, )

Z kinetiky destrukce barevnych center vyplyvé, Ze po poédtednim relativné rychlém
prub&hu dochézf ke zpomaleni reakénfho pochodu. Méfenfm absorpénich spekter bylo
zjidténo, ze destrukce barevnych center probfhd rozkladem nejméné dvou typt vyrazné
absorbujicich barevnych center. V prvé &asti prubshu destrukce barevnych center do-
chéz{ k rozkladu barevnych center typu Ag® podle rovnice

[AgCl .= Ag® + CI°, (8)

v druhé ¢&dsti pak dochdz{ k podstatnému zpomalenf reakce, tj. rozpadu barevnych
center odlisnych od center typu Ag°.

Rovnice (7) je vhodnd pro vyjddieni destrukce barevnych centér typu Ag® za pied-
pokladu, Ze hodnotu Ts; budeme definovat &étyfndsobkem d&asové konstanty @’ pro
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aestrukei barevnych center. Vhodnost ¢tyinédsobku ¢asové konstanty t’ pro vyjédienf
stavu T's; byla experimentéln® potvrzena.
Na zéklad®$ rozboru kinetiky fotochemickych pochodi, provedeného v této préci,
miuiZzeme tato skla definovat nédsledujfcfmi vlastnostmi:
Ty = podstedni transmitanci{ skla pred ozdfenim (pfi definované teplot, pripadné
pritomného zéfeni, pro definovanou vinovou délku)
Tsy = rovnovéinou transmitancf{ pro tvorbu barevnych center (pfi ozafovéni defi-
novanym zdrojem zéfen{ a pii definované teplotd, pifpadnd pti definovaném
zéfen{ zptisobujicim destrukei barevnych center pro definovanou vinovou délku),

kdy o
dCs1
e ®)

T's; = transmitancf pro destrukei barevnych center (pfi definované teplotd, p¥ipadnd
pritomného zéfenf, pro definovanou vlnovou délku), kdy

ddof’ & 0. (10)

Je definovédna ¢tyfndsobkem d&asové konstanty pro destrukei barevnych center 4z’.
Hodnotu T's; je nutno doplnit ¢asovym tudajem, za jak dlouho po ukondenf aktivace
stavu 47’ dosazeno.
Na zéklad® méfeni pak mlizeme pomocf rovnic (6) a (7) vyslit konstanty ka, ky
a k. Vysledky méfeni budou publikovény.
C = koncentrace barevnych center
T = &as
ks = konstanta rychlosti tmavnutf
ky = konstanta rychlosti optického odbarvovéni{
k¢ = konstanta rychlosti tepelného odbarvovén{
I4,I; = intenzity zéfenf, vyvoldvajicf tmawnut{ a odbarvovéné
A = koncentrace aktivnich center ve skle .
Cs1 = rovnovéiné koncentrace barevnych center (pro tvorbu barevnych center)
Co = poddteéni koncentrace barevnych center pred aktivaci
k = absorpéni koeficient
a = absorpce
8 = rozptyl
K = konstanta imérnosti
« = koncentrace tvoifcich se barevnych center
D = koncentrace stdlych barevnych center
T = transmitance, méfend v ruznych éasovych intervalech
T'sy = rovnovéznd transmitance pro tvorbu barevnych center
T = poddtedni transmitance, mérend pied aktivaci v zatemnélé mistnosti
Cs2 = koncentrace barevnych center pro destrukei, definovand 4z’
T's, = transmitance pro destrukei barevnych center (pii Cis2)

L0

Obr. 1. Zdvislost rozdilu optickych hustot [A"] na dobé ozafovdnt [A” = ®(z)]. Tworba ba-
revnych center. )
Co = poldtetnt koncentrace baverniych center pred zdfenim
Cs: = rovnovd#nd koncentrace barevniych center po ozdfent

Obr. 2. Zména optické hustoty [A"] v zdvislosti na energit aktivujictho zdfent [E] ve
fotochromickém skle, rozdéleném do 8 tenkych vrstev.
I = povrch 1 II = povrch 2 III = vysledné fotochromické sko

Obr. 3. Hodnoty transmitance T [Y%) v zdvislosti na tloustce [d] dvou druhw skel.
1 — bezbarvé borosilikdtové sklo CAW 7910
2 — odbarvené éfotochromické sklo Eact = 0, Tt - 0
3 — aktivované fotochromické sklo Eacr = 10 mJ [em?, 0 < v <
4 — aktivované fotochromické sklo Eacr = 60 mJ[cm?, 0 < 7 <
5 — aktivované fotochromické sklo Eacr = 300 mJ [em?, 0 < © < o©
6 — aktivovand fotochromické sklo Eacr = 1 Jfem?, 0 < v < o
7 — aktivované fotochromické sklo T — o
Tt = doba aktivace
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Obr. 4. Funkcelog (T' — T's,) = Di(z) charakterizujict tvorbu barevnijch center.
Obr. &. Zdwvislost rozdilu optickiych hustot [A”] na dobé [t], po provedené aktivaci [A”
= @(7)]. Destrukce barevniyjch center.
Obr. 6. Vznik zplodin fotochemickyjch pochodu v zdwvislosti na dobé ozafovdni v mono-
krystalu AgCl, dopovaném 0,20 mol %, Ag,Se.
I — po prvém ozdient (A = 405 nm)
II — destrukce barevniych center. éervenym zdienim
III, — opétovné ozdient (A = 405 nm)
II1y — opétovné ozdrent (A = 406 nm)
Obr. 7. Absorpénit spektra fotochromického skla, obsahwjictho mikrokrystaly AgCl.
1 — aktivované fotochromacké sklo (stav Csi)
2 — fotochromické sklo po 1/2hod. destrukcs barevnijch center (Sasové za stavem Cs;)
3 — odbarvené fotochromické sklo (stav Co)
Obr. 8. Absorpént spektra monokrystalu AgCl.
1 — pied aktivact (ozdrenim)
2 — po aktivacs
Obr. 9. Typicky prabéh jednoho cyklu tvorby a destrukce barevnijch center ve fotochromic-
kém skle s vyznadenymi zakladnims stavy Co, Cs1 a Csa (schematické zndzornéni).
I — ozarovdno .
II — neozarovdno
Obr. 10. Funkce log (T'sz — T') = P4(z) pro Ts, definovany 27’.
Obr. 11. Funkce log (T's2 — T') = Dy(z) pro T's; definovany 47’.
Obr. 12. Funkce log (T's2 — T') = D1(z) pro T'sa2 definovany 8t’-
Obr. 13, Funkce log (T's; — T') = D(z) charakterizugict destrukct barevnyjch center.
Obr. 14. Typicky prabéh jednoho cyklu tvorby a destrukce barevnijch center. Pri destrukcs je
pittomno aktivugict zdrent za predpokladu, Ze

I > Lu > Tq2 > I4a.

Sklo bylo aktivovdno zdienim Ig.

HCCIHIEJOBAHME KUHETUKM OBPA3OBAHWUA UM NECTPYKIUU
OIBETHBIX IHEHTPOB B OOTOXPOMUUECKOM CTEKJE
C COOEPHAHUEM TAJOTEHUIOB CEPEBPA

UBan MaHmepIAK

Hayurno-uccaedosamenvckuii uncmumym cmexas, I'padey Kparose

lI3MeHeHAe KOHOEHTPANHA HOIVIONIAIOIMAX IBETHHIX NEHTPOB OT BPEeMEHA B %o'roxnmn-
9eCKOM CTeKJIe C COMepKaHHeM TrajloreHmfoB cepeGpa MoxHO coryacHo I. IL. Illmmty (1)
BHIPAa3UTh HOCPEACTBOM JIMHEHHOro nuQ@epeHNAAILHOrO ypaBHEHHAS

‘ji_f = kala A — (kls + k) C.

W3 npuBeneHHOro YpaBHEHMsI CilelyeT, 9TO Ha M3MEHEHHe KOHIEGHTPAIHA MOIJIOMIAIOMAX
I(BETHHIX OEHTPOB OT BPeMEeHHM OKasHBAIOT BJIMAHMAE [Ba OCHOBHEIX IIponecca, T. e. 06paso-
BaHHe W NeCTPYKOAA IBETHHIX IEHTPOB, IpHYEM ONUEH H3 YIOMAHYTHX IPOIECCOB BCerma
CTaHOBATCA mpeobiamaommM. Tak Kak aKTHBAPOBAaHHOE COCTOSIHAE HMEETCS ¢ SHepreTd-
4ecKo# TOYKH 3peHHAs Ha 60Jiee BEICOKOM YPOBHE, TO IIOCJIe OKOHUAHAA aKTHBAIAA B Pe3YJIb-
TaTe IPOIECCOB PesIaKcalldM HAcTyIaeT Hmepexof Ha 6osiee HM3KHMe YPOBHM, T. €, HA YPOBHH
HCXONHOro cocTosHMA. O6pa3oBaHme IBETHEIX HNEHTPOB OOGYCIIOBIEHO HMEHCTBHEM KOPOTKO-
BOJIHOBOTO BHJAMOrO H GJIA3KOro yJIETPadHoIeTOBOrO M3JIydeHHs], B TO BpeMs KaK JeCTPYK-
sl NBETHHIX OEHTPOB 00YCJIOBJIEHA MIMHHOBOJIHOBHIM BHIMMEIM H3/Iy9eHHEM H TEMJIOBHIM
spexrom. OHAKO MMEIOTCA MBIYICHASA BAMAMOL 00JIACTH CIEKTpa, KOTODHE He BHI3HIBAIOT
HA 06pa3oBaHAe HA NeCTPYKOHIO NBETHEIX MEHTDPOB.
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B npemnonennoit pabore aBTop moss3yercs JIAHEHHNIM NufepeHNHanbHNM ypaBHeHAEM
He TOJIBKO i O0bsAcHeHHs 06pasoBaHMsA OBETHHX [EHTPOB, HO H jiiA OOBACHEHAA HX
nectpyknuaa. O6pasoBaHne LBETHHX LEHTPOB MOKHO BEIPa3Mb NP IOMOMH yPaBHEHHAX

T —Ts = (To—Ts1) . e-(k,l, +k)e

U JAECTPYKIMIO OBETHHIX HEHTPOB IPH HOMOLIA ypaBHEHMsI

Puc. 1.

Puc. 2.

Puc. 3.

Puc. 4.
Puc. 5.

Puc. 6.

Puc. 7.

Puc. 8.
Puc. 9.

Puc. 10.
Puc. 11.
Puc. 12.
Puc. 13.

Puc. 14,

silikaty 3

Ts:—T = (Ts2— Ts1) . e~ Frlr + v,

Bagucus tocmov pagaunus onmuueckux naomrocmeii [A"] om epemenu o6ayuerus
[A" = ®(7)]). O6pasosarue ysemuwvix yeumpos. Co — ucrodHaAR KOKYEHMPayus
yeemuulz yenwmpos 9o o6ayuenus, CsL — PAGHOGECHAR KOHYEHMPAYUS UYSEMHBLE
yeHmpoe nocae 00AYUeHUA.

Hamenenue onmumueckoti naomuocmu [A"] 6 aasucumocmu om snepzuu axmusupyro-
wjezo obayuenusn [E] ¢ gomoxpo. wuueckom cmexae, pazdeserHom 6 60CEMb MONRKUT
caoes. I — nosepzrocmy 1, II — nosepxrocmo 2, 111 — koneuroe omoxpomuneckoe
cmexkno.

Beauuuns, mpancmuccuu T [%)] ¢ sasucumocmu om moawuns [d] deyx 6udos cmekaa .

1 — 6eaysemmoe 6opocuauramnoe cmekao CC— 7910, 2 — obecyseuenroe omo-
xpos tuneckoe cmekao Eacr = 0, T — 0, 3 — axmusuposanroe omoxpomuuecroe
cmerno Eacr = 10 m Jjem?, 0 < v < o0, 4 — axmusuposarroe omoxpomusecrkoe
cmerao Eacr = 60m Jlem?, 0 < T < o0, § — axmusuposarHoe gomoxpomusecroe
cmer10 Eacr = 300 m Jfem?, 0 < T < o0, 6 — axmusuposarnroe gomoxpomuseckoe
cmenao Eacr =1 J[em?, 0 < 7 < 0, 7 — arxmusuposanmoe Gomoxpomunecroe

CMexa0 T —> 0, T —- GPeMA AKMUEAYUL.

Dynryus log (T — T's1) = @y (1), dawowas xapaxkmepucmury 06pazosanus ysem-
HbIT YeHmpos.

Bagucumocmsv pasauvus onmuveckux naomnocmeii [A"] om epemenu [T], nocae
nposedennoti akmusayuu [A" = @.]. Jecmpyryus ysemublz yeHmpos.
Boanuxrroserue npodyrmos gomorumusecKux npoyeccos 8 3agUCUMOCIMU OM 8 DEMEHU
obayuenus ¢ monokpucmaane AgCl, ¢ dobasaeruem 0,02 moa. Y AgiCe

I — nocae nepeozo o6ayuerus (A = 406 um), I — decmpyryus yeemusiz Yyermpos
rpacrbim o6ayueruem, I11a — noemoproe o6ayuerue (A = 405 um), I1Ib — nos-
moproe obayuerue (A = 405 nm)

Cnexmpbr abcopOyuu gfomox posueckozo CmeEaa ¢ co0epIcaruesm MUKPOKPUCTNAAA08
AgC1.1 — akmusuposannoe gomoxposuneckoe cmexao cocmosnue Csi, 2 — omo-
ZPo4 tuueckoe cmexao nocae 30 MuH. decmpyKyuU YEEmMHLT YeHmpos (6pemerHro
nocae cocmoanun C), 3 — obecysenennoe gomoxpomunecroe cmexao (cocmoarue Co).
Cnexmpy. abcopbyuu mororpucmaasa AgCIl. 1 — do axmusayuu (obayueruem),
2 — nocae axkmusayuu.

Tunuunbiii 200 00H020 Yuraa 06pazosarus u 0ecmpyKyUU YsEMHIT YeHmpoe 6 omo-
ZPOMUUECKOM CMERAE C Bb1deneHHbLA tU 0CHOSHbLMU cocmoanuamu Co, Cs1 u Csa (cxema-
muuroe uaobpascerue). I — obayuennoe, I — neobayuerroe.

Dynryus log (Ts2 — T) = @, (1) 8aa Ts1 onpedenennuiii 2.

Dynryua log (Ts: — T) = Py (1) 8aa Ts2 onpedeaenmvii 4 7',

Dynryus log (Ts2 — T) = P, (1) 928 T's: onpedeaenniti 87’

Qynryusn log (Tsa — T) = @, (), darowuii xapakmepucmury decmpyryuu yeem-
HbIT YEeHmpos.

I

Tunuunbrii £od 0drozo Yyuraa o6pazosarus u decmpyryuu ysemuuix yewmpos. ITpu
decmpyryuu npucymemeyem aKmusupyioujee 00ayuerue npu npedaoNceHUl, wmo

Ta < ITat < Iaz < Ias.

Cmexao axmusuposasu obayuerues Ia.
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