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Abstract 
Photoluminescence (PL) spectra and photoluminescence 

excitation (PLE) spectra (λ ≥ 240nm, T ≥ 4.2K) of reduction 
sensitized cubic and octahedral AgBr emulsions have been 
studied. PLE spectra consist of several maxima, which 
correspond both to the excitonic absorption in AgBr and to 
various impurity centers formed in the course of reduction 
sensitization. The analysis of the both PL and PLE spectra with 
account for a strong electron-phonon coupling in AgBr, allowed 
us to construct the system of the energy levels of the impurity 
centers and determine the corresponding electron and hole 
binding energies. Specifically, it was established that Ag2 
molecule, which is located near positively charged microcrystal 
surface defect, is the 0.36eV electron trap.  

 

Introduction  
It has been shown in Refs. 1-3 that during reduction 

sensitization of AgBr(I) emulsions, prepared by the single-jet 
method, results in the increases of sensitivity at the initial stages 
of sensitization and the intensity of the emulsion microcrystals 
(MC) photoluminescence (PL) band with λmax = 640-650nm. This 
suggests that the impurity centers created during reduction 
sensitization play a double role: they facilitate the room 
temperature sensitivity increase as well as determine the orange-
red emission (λmax = 640-650nm) at low temperatures (T = 77K).   

The PL measurements performed at T = 4.2K of AgBr 
emulsions, obtained by the double-jet method, allowed to 
determine [4] that reduction sensitization not only increases the 
intensity of the 640nm band but also leads to an appearance of a 
new band with λmax = 550nm and an increase of the emission 
intensity in the spectral range of 580-590nm (Fig. 1, curve 1).  In 
the photoluminescence excitation (PLE) spectrum of the 550nm 
band there are several maximums: at 254nm (4.82eV), 283nm 
(4.38eV) and 442nm (2.8eV) (Fig. 2, curve 1) [4], whereas the 
excitation spectrum of the 590 band has maximums at 254nm 
(4.88eV), 279nm (4.44eV), 325nm (3.81eV) and 430nm (2.88eV) 
(Fig. 2, curves 2, 3) [3]. It is important to note that the maximum 
at λ = 442nm is also observed in the PLE spectrum of the 640nm 
PL band (Fig. 2, curve 4). The two narrow PLE maximums at 
257nm (254nm) and 283nm (279nm) are owing to the creation of 
the anion exciton in the Γ–point of the AgBr Brillouin zone. This 
doublet structure of the AgBr excitonic absorption is due to the 
spin-orbit splitting of the valence band in the Γ – point (transition 
Γ8

 - → Γ6
 +) [5], which is very close to energy of the spin-orbit 

splitting of a free bromine atom (0.44eV).   

It has been shown in Refs. 6, 7 that if SnO2 is used as 
sensitizing agent for AgBr emulsion the PL (T = 6K) consists of 

the 550nm and 640nm bands, which have a characteristic PLE 
maximum at λ = 442nm.  At the same time reduction sensitization 
leads to an increase in the intensity of the 590nm emission (PLE 
maximum at λ = 430nm).  Both results are consistent with those 
obtained in Refs. 3 and 4. The PL and PLE spectra presented in 
Refs. 6 and 7 are observed only from the reduction sensitized 
tabular or octahedral AgBr MCs that were synthesized in the 
reaction medium (pAg = 10.0, temperature of the synthesis is 
between 55°C and 70°C) with relatively high concentration of Br- 
ions.  However, in the case of cubic MCs, which were synthesized 
at pAg = 7.0, the reduction sensitization does not lead to 
described in Refs. 6, 7 photoluminescence or excitation spectra, 
but rather accompanied by the appearance of a single band with 
λmax = 570nm [6a].  The PLE spectrum of the 570nm band 
(spectral region with λ > 400nm) does not have any characteristic 
maximums and its long wavelength edge coincides with the long 
wavelength edge of the absorption spectrum of AgBr [6a].   

It has been concluded in Refs. 6, 7 that the 550nm band is 
due to a singlet-singlet transition (lifetime <10nsec), whereas the 
640nm band is due to a triplet-singlet transition, within an excited 
Ag2 center that appears as a result of reduction sensitization and 
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Figure 1 Photoluminescence (PL) Spectra (T = 4.2K) AgBr emulsions 

after reduction sensitization (curve 1) and after treatment in AgNO3 

solution (curve 3). For comparison PL of AgBr(I) emulsions (curve 2) is 

also shown.  



 

 

that is located next to a positively charged surface defect 
("positive kink"). The 590nm band has been assigned to the 
donor-acceptor pair (DAP),radiative transition, in which an Ag2

+ 
center is an acceptor [6, 7]. Furthermore, the authors of Refs. 6 
and 7 believe that the nature of luminescent centers in the 
reduction sensitized AgBr MC as well as the mechanism of the 
luminescence are supported by the results they obtained from 
optically detected magnetic resonance (ODMR).   

In this paper we present results that show that the process of 
reduction sensitization of AgBr emulsions is different for the 
emulsions with cubic and octahedral MCs. These results lead to 
the model for the luminescent centers and related luminescence 
mechanisms that are different from those proposed in Refs. 6, 7. 

Experimental  
It has been noted in Ref. 3 that 550nm PL band (T = 4.2K) 

with characteristic excitation maximum at 442nm, which appear 
in AgBr MC after their reduction sensitization, is also observed 
from non-sensitized AgBr(I) MC.  In Fig. 1 (curve 2) we show, as 
an example, the PL spectrum (T = 4.2K) of AgBr(I) emulsion 
(3mole% AgI) with octahedral MC [8], whereas its PLE spectrum 
is shown in Fig. 2 (curve 5) [9].  The excitation spectra of the 
green emission of AgBr(I) shows the following maximums: λ = 

290nm (4.28eV, excitonic absorption), λ = 330nm (3.75eV), and 
λ = 442nm (2.80eV).  The 550nm PL band from AgBr(I) MC is 
determined by the presence in the MCs of pair iodine centers (two 
nearest neighbor iodine ions (I-I-) [10]). The existence of the 
330nm and 442nm PLE maximums is entirely consistent with this 
center’s luminescence model. These maximums are due to the 
light absorption by iodine ion (transitions 5p6

→5p6(2P1/2)6s  and 
5p6
→5p6(2P3/2)6s). Moreover, as expected, the energy difference 

between these excitation maximums is 0.95eV, which coincides 
with the energy of the spin-orbit splitting of the iodine atom 
ground state. Since the energy that corresponds to the maximums 
in the excitation spectrum is larger than the AgBr bandgap, the 
excited iodine ion ionizes, and the created free electron 
recombines with the "relaxed" (I0I-)rel-center, resulting in the 
550nm luminescence. 

The appearance of pair iodine centers during reduction 
sensitization of AgBr emulsions can be explained as follows. The 
550nm PL appears after reduction sensitization of AgBr 
emulsions only when MC’s synthesis is carried out under very 
high concentration of Br- ions (pBr between 1.0 and 0.5; T = 55°C 
– 70°C). Under such conditions a number of 
polyhalogenoargentate complex anions appear in the reaction 
medium [11]. KBr and NaBr solutions (used for MC synthesis) 
always contain some iodine impurities; thus, depending on the 
chemical purity of KBr and NaBr, the reaction medium can 
contain not only AgBr2

- and AgBr3
2-, but also AgBrI-, AgBr2I2-, 

AgBrI2
2-, and AgI2

- [11]. Minute amounts of AgI2
- can be created if 

the iodine concentration is ~10-6mole/l at 25°C and ~10-4mole/l at 
250°C [12, 13]. Thus, for the synthesis temperature between 55°C 
and 70°C, the AgI2

- centers are created if the concentration of 
iodide ions is about 3×10-6mole/l. Such a concentration of iodine 
ions can be easily achieved in KBr and NaBr solutions at pBr 
between 1.0 and 0.5. In this case a AgI2

- complex is being formed 
even during synthesis of nominally pure AgBr MCs. These 
conclusions are based on the average values for the concentration 
of Br- and I- in the solution. Moreover, because of ineffective 
mixing, it is possible that the local concentrations of Br- and I- 
ions are substantially higher than the average values [14]. This 
results in the increased formation efficiency not only for AgI2

- but 
also for such complexes as AgBrI-, AgBr2I2-, AgBrI2

2-, and AgI3
2-. 

It must be noted that a decrease in the synthesis temperature will 
further enhance formation of these complexes.  

The AgI2
-
 complexes (as well as the other) can adsorb on the 

surface of the tabular and octahedral AgBr MCs. It is well known 
that the surface of the tabular and octahedral AgBr MCs consists 
of Br- ions, which are partially covered by silver ions or silver 
ions islets.  A polyhalogenoargentate complex (e.g. AgI2

-
) can 

attach to these islets via its negatively charged halogen ions. In 
this case, the silver ion of the complex will be right above the 
adsorbed halogen anions. As the negative charge of the complex is 
partially compensated by the positive charge of Ag+, the adsorbed 
complex behaves as an electron trap. (We note, for comparison, 
that according to the calculations [15] a silver ion, which is 
located near a negative kink side or a negative double kink side in 
cubic AgBr MCs, creates an electron capture level within AgBr. 
These results are in good agreement with those obtained in Ref. 
16, where it was shown that a silver ion located above two Br- 
ions on the (111) face of an AgBr MC is able to capture an 
electron). After the electron (supplied by the reduction agent) is 
trapped by the complex, the complex can fragment via one the 
following mechanisms:  

a) The silver ion (or atom) belonging the complex shifts to 
the adjacent site that is above or next to the silver ion of the MC, 
resulting in the formation of Ag2

+;  
b) The captured by the complex electron attracts either a 

surface or an interstitial silver ion, with the same result of Ag2
+.   
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Figure 2 Photoluminescence Excitation (PLE) Spectra at 4.2K of AgBr 

emulsion (the monitoring wavelengths are 550nm (curve 1), 590nm 

(curves 2, 3) and 640nm (curve 4)) before (curve 2) and after (curve 1, 3, 

4) reduction sensitization. Curve 5 is PLE of AgBr(I) emulsion, the 

monitoring wavelength is 550nm. 



 

 

Since Ag2
+ is a deep electron trap, the formation of Ag2 

molecule, in the presence of the reduction agent, is highly 
probable (we note that the Ag2 molecules can migrate over the 
MC surface and form Agn clusters). After the fragmentation, the 
MC surface will contain an adsorbed I-I- pair ((I-I-)ads), which is a 
very efficient hole trap.  The appearance, as a result of reduction 
sensitization, of (I-I-)ads on the surface of the tabular or octahedral 
AgBr MC is the cause of the 550nm PL, similarly to that observed 
in AgBr(I) MCs. This PL is due to radiative recombination 
between an electron from the AgBr conduction band and the hole 

localized at pair iodide centers ((I-I0)rel
ads) (Fig. 3, transition 1). 

This PL can be excited either by a direct absorption by the I- ion 
(in (I-I-)ads) (the 442nm PLE maximum, Fig. 2, curve 1) or by 
absorption in AgBr [4, 6, 7]. 

If during the synthesis of AgBr MC the concentration of Br- 
ions is kept low (pAg = 7.0), then the cubic AgBr MCs are 
produced, and polyhalogenoargentate complexes are not formed. 
Therefore, reduction sensitization helps in formation of silver 
centers, and, firstly, of Ag2 molecules. The low temperature (T = 
6K) PL from cubic AgBr MCs consists of only one band with λmax 
= 570nm [6a]. Since Ag2-centers, located near positive kink site 
(+k) of the cubic AgBr MC, create localization levels for electrons 
[15], the 570nm PL is due to the recombination between a hole 
from the AgBr valence band and the electron localized at a neutral 
(+kAg2)- center (Fig. 3, transition 2). With the increase in 
temperature to 77K the λmax of this band shifts to the 590-600nm 
due to the reduction in the AgBr band gap. Under the infra-red 
(IR) irradiation of AgBr MC, the intensity of the 570nm PL (Fig. 
3, transition 2) decreases due to the release of the (+kAg2)--center 
localized electron into the AgBr conduction band, in good 
agreement with the proposed here mechanism. 

To establish the binding energies of electrons (ED) and holes 
(EA) shown in Fig. 3, we first determine the energy (E0) of zero-
phonon ("pure" electronic) recombinations responsible for the PL 
bands with λmax = 550nm (Emax = 2.25eV), 570nm (2.17eV), 
590nm (2.10eV), and 640nm (1.94eV).  For this, we note that the 

full width at half maximum (FWHM) of the PL bands in 
crystalline solids is mostly determined by the strengths of 
electron-phonon interaction and the Huang-Rhys constant (S0) 
[17] is often taken as its measure. If the interaction of the carriers 
with the lattice is weak (S0<<1), the radiative transition occurs 
without significant contribution from the lattice vibrations. In the 
opposite case (S0>>1) the PL develops into a Gaussian symmetric 
band, and the energy difference E = E0 - Emax can be estimated as 
S0ћωLO, where ћωLO is the energy of the LO-phonon (for AgBr, 
ћωLO = 0.017eV). Since the FWHM of the AgBr MC PL is quite 
large, it can be assumed that S0≥10, and thus, we take that E0 ≈ 
Emax + 0.17eV. For the 570nm band, this gives E0 = 2.34eV. 
Thus, the difference ED = Eg – E0 gives the estimate for the energy 
of the electron localization at (+kAg2)--centers, which for the 
AgBr (Eg = 2.70eV, at 4.2K) gives the value of ED = 0.36eV. This 
value is lower than that predicted from the theory (0.68eV) [15].  

As discussed earlier, the 550nm PL band from AgBr MCs, 
which appear after reduction sensitization is due to the 
recombination between an electron from the AgBr conduction 
band and a (I-I0)rel

ads-center. This emission is thermally quenched 
(T < 80K) with the activation energy of ∆E ~ 0.05eV.  
Apparently, this recombination occurs through the excited state of 
the (I-I0)rel

ads-center, which has the energy of ~0.05eV below the 
bottom of the AgBr conduction band; thus, the temperature 
quenching of this PL takes place via thermal excitation of the 
electron from the excited level into the AgBr conduction band. 
Then, knowing E0 (2.42eV) and ∆E (~0.05eV) for the 550nm 
emission, we estimate that the ionization energy of an (I0I-)rel

ads 
acceptor center is EA = 0.23eV. When I- from the (I-I-) absorbs 
light (PLE maximums at λ = 330nm and 442nm) leads to the 
ionization of iodine. The resulting free electron can either 
recombine with an (I-I0)rel

ads-center or get localized at a (+kAg2)--
center. Then, the recombination between the electron localized at 
(+kAg2)--center (ED = 0.36eV) and the hole localized at an (I-

I0)rel
ads-center (EA = 0.23eV) gives rise to the PL with λmax = 

640nm (Fig. 3, transition 3; Emax = EG – ED – EA – 0.17eV; it is 
also assumed that the distance between the donor and acceptor 
centers is very large). The proposed recombination schemes are in 
good agreement with experimentally observed PLE spectra (Fig. 
2, curves 1 and 4) and the different life times for the 550nm and 
640nm PL bands [6,7].  

The proposed here causes for the appearance of the 550nm 
and 640nm bands are, thus, in stark disagreement with those 
given in Refs. 6 and 7.   

Our conclusions are further supported by the fact that 
treatment of AgBr emulsion layers in AgNO3 solution (which 
causes an appearance of silver centers on the surface of MCs) 
does not promote emergence of the 550nm band (Fig. 1, curve 3). 

Reduction sensitization of AgBr MCs leads to substantial 
increase in the intensity of the 590nm PL band (Emax = 2.10eV, E0 
= 2.27eV), whose PL spectrum has two maximums at 325nm 
(3.81eV) and 430nm (2.88eV) (Fig. 2, curve 3) [3]. The energy 
difference between these maximums is 0.93eV; this corresponds 
to the energy of the spin-orbit splitting in the iodine atom, which 
suggests that the 590nm PL is due to an excited iodide ion located 
on the surface of AgBr MCs (transitions 5p6

→5p6(2P1/2)6s and 
5p6
→5p6(2P3/2)6s). We therefore propose that this ion belongs to 

the (Br-I-)ads-center located on the MC surface. This center 

Figure 3 Schematic diagram of the energy levels of different impurity 

centers in the reduction sensitized tabular or octahedral AgBr MC. The 

energy levels are shown relatively to the AgBr conduction (C) and 

valence (V) bands at T = 4.2K. Arrows indicate photoluminescence (PL) 

transitions with the numbers, given in nm, specifying � max of the 

corresponding PL band.  



 

 

appears as a result of transformation of the adsorbed (AgBrI)-
ads 

complexes at reduction sensitization.  
Therefore, the 590nm emission occurs via the following 

mechanism. Having absorbed the light (the PLE maximums at λ = 
325nm and 430nm), the iodine ion is ionized by releasing the 
electron into the AgBr conduction band, resulting in the formation 
of a (Br-I0)rel

ads-center. This electron is, then, trapped by a 
[+kAg2]-center (ED = 0.36eV), and the 590nm PL appear as the 
DAP recombination, where [+kAg2]- is the donor and (Br-I0)rel

ads is 
the acceptor (EA = 0.07eV; EA = EG – ED – Emax  – 0.17eV; EG = 
2.70eV) (Fig. 3, transition 4). This model is in agreement with 
the ODMR results obtained in Refs. 6, 7, if the acceptor g-factor 
(g = 1.99) is associated with the (Br-I0)rel

ads-center. For 
comparison, we note that g = 1.99 is close to the g-factor value of 
Vk-centers (Hal2

- - centers) in alkali-halide crystals.  
The surface localized exciton [(Br-I0)rel

adse] is formed upon 
recombination between the conduction band electron and the   
(Br-I0)rel

ads-center. It is also well known that bulk Iv
- ions create an 

acceptor level (Iv
0) with EA = 0.03eV [18] and that the iodine-

localized exciton (Iv
0e) is responsible for the 497nm PL (Emax = 

2.50eV) (see e.g., Ref. 18). Since the (Br-I0)rel
ads-center energy 

level of is above that of Iv
0 (by 0.04eV), we suggest that the 

surface localized exciton [(Br-I0)rel
adse] is responsible for the 

emission with Emax = 2.46eV (λmax = 500nm, Fig. 3, transition 5). 
If synthesis of AgBr MCs is done under low pBr (1.0 - 0.5), 

the medium will contain not only, considered above, complexes of 
AgBrI- and AgI2

-
, but also complexes of AgBr2

-
, AgBr3

2-
, AgBr2I2-

, 
and AgBrI2

2-. These complexes can adsorb on the surface of the 
octahedral MCs. During reduction sensitization, these complexes 
convert into (Br

-
Br

-
)ads

-
, (Br

-
Br

-
Br

-
)ads

-
, (Br

-
Br

-
I-)ads

-
, and (Br

-
I-I-)ads

- 
centers. After these centers capture a hole, they transform in the 
corresponding centers in the relaxed state: (Br

-
Br0)ads

rel,            
(Br

- 
Br

- 
Br0) ads

rel, (Br
-
Br

-
I0) ads

rel, and (Br
- 
I- I0) ads

rel.  
Using data from 4.2K PL, we concluded that the emission 

bands with λmax = 520nm, 540nm, and 565nm are due to 
recombination of a conduction band electron with (Br

-
Br

-
Br0)ads

rel, 
(Br-Br-I0)ads

rel, and (Br-I-I0)ads
rel, respectively. The further 

investigation of the PLE spectra of these PL bands resulted in the 
conclusions that PLE maximums at 455-460nm, 470nm, and 
490nm are due to light absorption by the I--ion from  (Br

-
I-I-)ads, by 

the Br
-
-ion from (Br

-
Br

-
Br

-
)ads and by the I--ion from (Br

-
Br

-
I-)ads, 

respectively. We note that a role of the surface Br
- 
and I- ions in 

the appearance of the 470nm and 490nm maximums in the PLE 
spectra of AgBr MC has been previously reported in Ref. 19. 

Conclusions 
The results of this paper are in good agreement with those of 

photographic and photoelectric measurements on reduction 
sensitized octahedral AgBr emulsions [20, 21]. It was concluded 
[21] that the increase of sensitivity during initial stages of 
reduction sensitization is due to creation of hole trap centers (so-
called R-centers). According to our model, this takes place when 
polyhalogenoargentate complex anions transform into the 
corresponding "negatively charged fragments" (e.g. (Br

-
Br

-
Br

-
)ads, 

(Br
-
I-)ads, etc.). In the case of the low-pAg sensitization 

"negatively charged fragments" do not form. Instead, the silver 
centers that are electron traps are created [20]. The sensitivity 
increase under high-pH sensitization is determined by several 

thermally stimulated reactions [22]:       
        Ag+ + OH- → AgOH → Ag2O → Ag,       
which results in an appearance of the electron capture silver 
centers. 

Finally, we would like to comment on magnetic properties of 
silver centers in AgBr emulsions. Light illumination of AgBr MCs 
results not only in formation of silver centers (particles) but also 
in an appearance of halide molecules such as Br2, BrI, and I2. 
These molecules are efficient electron traps [19]. Thus, by 
capturing either photoelectrons or the electrons provided by the 
developer, these molecules become Br2

-, (BrI)-, and I2
- anions, 

which in turn can adsorb on the silver centers. As these anions are 
paramagnetic the formation of the silver center and an adsorbed 
anion possesses paramagnetic properties. In contrast, at reduction 
sensitization, only silver centers appear; thus, no paramagnetic 
properties can be observed. The difference in the magnetic 
behavior of the silver centers obtained via reduction sensitized 
and light illumination has been reported in Ref. 23. We note that 
the explanation given in Ref. 23 differs from that presented here.  

References 
[1]  V.M. Belous, L.P. Melnichyk, K.V. Chibisov, Dokl. Akad. Nauk SSSR, 

175, 349, (1967). 
[2] V.M. Belous, A.L. Kartushansky, G.G. Martuch, L.I. Shur, J. Sci. Appl. 

Photogr. Cine. (Russia), 19, 114, (1974). 
[3] V.M. Belous, Advanc. Imaging Sci (in Russian), 25, 5 (1989). 
[4] V.M. Belous, V.I. Tolstobrov, N.A. Orlovskay, S.A. Zhukov, V.P. 

Churachov, Izv. Akad. Nauk SSSR, phys, 45, 272 (1981). 
[5] M.P. Scop, Phys. Rev., 139, 934 (1965). 
[6] A.P. Marchetti, A.A. Muenter, R.C. Baetzold, R.T. McCleary, a) J. 

Phys. Chem. B102, 5287 (1998); b) ICIS Proceeding, Antwerp., 247 
(1998). 

[7] R.S. Eachus, A.P. Marchetti, A.A. Muenter, Annu. Rev. Phys. Chem., 
50, 117 (1999). 

[8] V.M. Belous, V.I. Tolstobrov, V.P. Churachov, V.V. Suvorin, J. Sci. 
Appl. Photogr. Cine (Russia), 22, 390 (1977). 

[9] V.M. Belous, E.A. Dolbinova, V.P. Churachov, ibid, 23, 211 (1978). 
[10] M. Tsukakoshi, H. Kanzaki, J. Phys. Soc. Japan, 30, 1423 (1971). 
[11] T.H. James, The Theory of Photographic Process, Ed. Macmillan, New 

York, 1977. 
[12] E. Klein, Photogr. Korresp., 92, 139 (1956). 
[13] C.H. Gammons, Y. Yu, Chemical Geology, 137, 155 (1997). 
[14] C.R. Berry, Phot. Sci. Eng., 18, 4 (1974). 
[15] R.C. Baetzold, J. Imaging Sci. Technol., 43, 30 (1998). 
[16] P. Gutta, R. Hoffman, Procceding ICIS, 2002, Tokio, p. 214. 
[17]  K. Huang, and A. Rhys. Proc. Roy. Soc.,  A204, 406 (1950). 
[18]  W. Czaja, A. Baldereschi, Bericht der Frühjahrstagung der 

Schweizerichen Physikalischen Gesellschaft, 50, 606 (1977). 
[19]  V.M. Belous, J. Imaging Sci. Technol., 41, 85  (1997). 
[20] S.S. Collier, Photogr. Sci. Eng., 23, 113 (1979). 
[21]  T. Tani, J. Imaging Sci. Technol., 48, 278 (2004). 
[22] V.M. Belous, V.I. Tolstobrov, N.A. Orlovskaya, O.I. Sviridova, K.V. 

Chibisov, Dokl. Akad. Nauk SSSR, 274, 836 (1984). 
[23] T. Tani, J. Appl. Phys., 91, 4595 (2002).  

Author Biography 
Vitaliy M. Belous graduated from Odessa National University, 

Ukraine in 1958. He received his Candidate of Science (Ph.D.) in 1964 and 
Doctor of Science in 1971. V.M. Belous is a Professor Emeritus at Scientific 
Research Institute of Physics of Odessa National University of Ukraine. 


	33674
	33675
	33676
	33677
	33678
	33679
	33680
	33681
	33682
	33683
	33684
	33685
	33686
	33687
	33688
	33689
	33690
	33691
	33692
	33693
	33694
	33695
	33696
	33697
	33698
	33699
	33700
	33701
	33702
	33703
	33704
	33705
	33706
	33707
	33708
	33709
	33710
	33711
	33712
	33713
	33714
	33715
	33716
	33717
	33718
	33719
	33720
	33721
	33722
	33723
	33724
	33725
	33726
	33727
	33728
	33729
	33730
	33731
	33732
	33733
	33734
	33735
	33736
	33737
	33738
	33739
	33740
	33741
	33742
	33743
	33744
	33745
	33746
	33747
	33748
	33749
	33750
	33751
	33752
	33753
	33754
	33755
	33756
	33757
	33758
	33759
	33760
	33761
	33762
	33763
	33764
	33765
	33766
	33767
	33768
	33769
	33770
	33771
	33772
	33773
	33774
	33775
	33776
	33777
	33778
	33779
	33780
	33781
	33782
	33783
	33784
	33785
	33786
	33787
	33788
	33789
	33790
	33791
	33792
	33793
	33794
	33795
	33796
	33797
	33798
	33799
	33800
	33801
	33802
	33803
	33804
	33805
	33806
	33807
	33808
	33809
	33810
	33811
	33812
	33813
	33814
	33815
	33816
	33817
	33818
	33819
	33820
	33821
	33822
	33823
	33824
	33825
	33826
	33827
	33828
	33829
	33830
	33831
	33832
	33833
	33834
	33835
	33836
	33837
	33838
	33839
	33840
	33841
	33842
	33843
	33844
	33845
	33846
	33847
	33848
	33849
	33850
	33851
	33852
	33853
	33854
	33855
	33856
	33857
	33858
	33859
	33860



