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ABSTRACT

With the help of laser light A = 10600 nm, the power P=4,2 W, strength of
electrical fieldinabeam of laser light E=1,5104 V/m and low exposition
time (5 s) we got laser Weigert effect and laser solarization of the etched

photoemulsion CIT-1 with 6 units GOST sensitivity.
© 2015 Trade Sciencelnc. - INDIA

INTRODUCTION

As it is known solarization of a photolayer is
observed at the decreasing of photographic density D
of anetched photolayer onwhitelight expositionwhich
ishundred timesmorethan thosegiving negeativeimages
(morethan10hours). Thed|ver partideswiththeability
to devel opment areresponsblefor solarization (latent
image centres(LICs)). Nature of the solarization and
normal Hersche effect iscoagulative. Herschel effect
issolarizationintheredlight?. Decreasingof solarization
ispossiblein 2 ways: 1) crushing of silver particles
respons blefor solarization with theincreasing of their
ability to development, and 2) creation new LICswith
theability to development in theregion of solarization
of aphotolayer from silver of the coagulative centres
after theexpogtion by thewhitelight.

Solarization of aphotolayer on theshort exposition
by thewhitelight can alsobegot!®, if photolayer have
been treated by agua sol ution of sodium thiosulphate
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(Na,S,0,-5H,0). It causes etching of AgBr
microcrystas.

AgBr microcrystalsof photoemulsion has symme-
try m3m and cubic etching pits“. In the etching pro-
cessthereisthestrength of thedectricfiddE~ 104 V/
mt® on theflat sides of etching pits. lonsof silver can
fall to etching pitsand create LICsthereviaelectrons
attachment. With the help of electron-microscopic
method was determined that particles of silver were
created intheetching pits.

Now anywhere in this article we are using
photoemulsion CIT-1 with the6 unitsGOST sengtivity
which wasetched (before expostion) by aquasolution
of sodiumthiosulphate (Na,S,0,5H,0) withdifferent
concentrations (the concentration 100% is0,25 kg of
sodium thiosulphate per litre of water). Also the
photoemulsionwasilluminated by infrared (IR) laser
beam with thefollowing characteristics: generationre-
gimeof laser polarizedlight iscontinuous(gaslaser with
compound CO, + N, + He), A = 10600 nm and power
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P=4,2W, diameter of thelaser beamd =(3+0,1)-10°
3m, strength of dectrica fieldinabeam of laser light E
=1,510*V/m.

The amount of solarization depends on the

Dy

3.0k

(B

2,6

0,05 035 065 095

le H
Figurel: Characteristic curvesfor photoemulsion CII-1.
Curvel-without etching, 2 - with etching by aqua solution of
sodium thiosulphate with the concentration 9% of
Na,S,0.-5H,0 during 60's, 3 - with etching by aqua solution
of sodium thiosulphate with the concentration 12% of
Na,S,0,-5H,0 during 720 s(solarization). Theduration of
exposition was 1sfor all these curvesby whitelight in the

sensitometer ®CP-41.
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Figure 2 : Characteristic curves for solarization of
photoemulsion CPII-1 etched by aqua solution of sodium
thiosulphatewith the concentration 50 % of Na,S,0,-5H,0.
Theduration of exposition was 1sfor all these curves by
whitelight in the sensitometer ®CP-41. Curve 1 - etching
during 60, curve?2 - etchingduring 120 s, curve 3 - etching
during 180 s, curve4 - etching during 240 s.

concentration of aguasol ution of sodium thiosul phate
(Figure 1), theduration of etching time(Figure2), and
the duration of exposition by the white light of
photoemulsion (Figure3).

It was necessary to get |aser solarization for short
timeby laser light of theetched photoemulsion CI'T-1.
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Figure 3 : Characteristic curves for solarization of
photoemulsion CII-1 etched by aqua solution of sodium
thiosulphatewith the concentr ation 50 % of Na,S,0,-5H,O
for all thesecurvesduring240s. Curvesl, 2,3, 4aregot for
solarization on short expositionsby whitelight (1 s(curve
1), 2s(curve?2),3s(curveld),4s(curved)).

METHODS

Techniqueof laser solarization obtaining

To get laser solarization we turned to the
preparatory etching of photoemulsioninaquasolution
of sodium thiosul phatewith the concentration 50 % of
Na,S20,-5H,0, to the exposition of photoemulsion
by IR laser light, and with the help of the electron-
mi croscopi c method. To describethe processestaking
place during laser solarization we used the computer
modelingtechnique.

Techniqueof etchingand changing of photographic
parameter sof photoemulsion

Photographic plates CI'T-1 were plunged into agua
sol ution of sodium thiosul phatewith the concentration
50% of Na,S,0,-5H,Oat T=293+0,1K, and then
flashed inthe sensitometer ®CP- 4119, Withthe help
of the sensitometer ®CP-4linastandardwayitis
poss bleto get asengtogram, and after developmentin
the K. Chibisov’s developer at the developing
temperature 293 + 0,1 K with the help of a
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microphotometer M®-2!" it is possible to measure
optica dengity D of every region of asensitogram, and
to get characteristic curvesin coordinates D and Ig(H).

Techniqueof illumination by laser light

In darkness|aser beam isdirected perpendicular
to vertically located etched photographic plate (PP)
CI1-1. PPwaskept by specia deviceinthe plateholder
with the open screen, and the platformwasmoving with
the steady speed 1,6-10* m/s (distance equal to the
diameter of alaser beam wassurpassed for 18 s). Power
of laser beam was measured by the device MO - 2.

Techniqueof electron-microscopicresearch

Thetransmisson € ectron microscope (TEM) BS-
613 of TESLA Co (Czechoslovakia) with resolution
not worsethan 4,5 A was used. The collodion replicas
with AgBr microcrystals of the etched PP were pre-
pared. Illuminationwas changed into laser light during
2 swithout devel opment. Collodionwasdissolvedin 1
% amyl acetate solution. To prevent replicas heating
and ripping up by beam of e ectronsthey werechilled
inthedectronic microscopewith liquid nitrogen before
and during photographing. Thosereplicasdid not tone
with carbon. Photographic platesout of the microscope
weredeveloped with the help of K. Chibisov’s devel-
oper at the devel oping temperature 293+ 0,1 K, and
fixedinafixage. Withthehelp of thewnhitecircleonthe
PP at thelocation of thelaser beam the diameter of the
laser beam d = (3 + 0,1)-10* m was measured. In
figure4 elecrton-microscopicimagesa), b), ¢) of col-
lodion replicasof AgBr microcrystal arepresented. With
the help of them thesizeof LICsduring solarizationis
possibleto determine.

Computer modeling technique

Thecomputer mode ¥ (Borland Pascd 7.0interms
of programming) was used for analysis of laser
solarization. Theinitial datafor solution of differential
equationswerethefollowing: Agionicconcentrationn,
=0m3 Agaom concentration n_ = 10** m, Br atom
concentration (holes) n. =0 m=, minimal radiusof a
slver clot R=1,44-10"°m. TheAgBr microcrystasis
wide-gap semiconducting microcrystal swith n-type
conductivity. After etching thesemicrocrystalshaslarge
concentration of defects. Thisleadsto the appearance
of additiond levelsand narrowing of theforbidden band.

—= Pyl Paper

Also, eectron emission occursfrom particlesAg. The
reason for theemission of e ectronsfromtheparticles
Agistheheating of theelectron gasslver particles. The
number of quantaof laser withA = 10600 nm appeared
withinal swas counted according to theformula

n-P-A
“Tho )
wheren = 0,5 is the efficiency of laser beam, hh =
6,63:10-* Js is Plancconstant, ¢ = 3,00-10% m/sisthe
speed of light in vacuum, P=4,2 W isthe power of
laser beam. To make cal cul ationswe used microcrysta
sizes: 0,5 um x 0,5 um x 0,1 um. Out of proportion
due to the cross section area of thebeam (d=3-103
m) wefound out the number of quantafell downtothe
microcrystal N ~ 112:10*® s**. The number of ionsc,,
which areformed for 1 sby the heating action of IR
light inmicrocrystal wasequd 2-10% for thiscomputer
modd.

N

EXPERIMENTAL RESULTSAND
DISCUSSION

IR light can create a latent image on the
photoemulsion layerd’?. Strength of electricd fidldina
beam of laser light in vacuum was counted according to
theformuld™:

4P

= n-d?.gy-C @

where Pisan optic power of laser, d isadiameter of
thelaser beam, &, isdielectric congtant, cislight speed,n
= 3,14. Vaues for substitution P=4,2W, d=3-103
m, © = 3,14, ¢, = 8,8510" C/Vm, ¢ = 3-10° m/s
givesthevalueE=1,5-10*V/m. Dueto e ectron-mi-
croscopic method sizes of the devel oped LICsandthe
particleresponsiblefor solarization* were established.
Let’s count the average number of of atoms in LICs
responsiblefor solarization. Wewill consider alatent
image centreto bein asphereformwith the diameter
2R. Whilecounting thevolumeof alatentimage centre,
using thedimensionsof it on the e ectron-microscopic
image on the PP and magnification of the el ectron mi-
croscope and beaware of thevolumeof theAgatomin
acrysta (V.= 17,06 A%*3), wefind out the number
of aiomsin LICs. Cdculations showsthat the appear-
anceof LICswith dimensions 15-201 fulfills 100-250
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atomsontheaverage; and slver particlesonthesolar-
izationwiththesize~ 100 A fulfills ~ 3-10° atoms. The
received val ues corresponds datd® about the opinion
that thelatent image centreisacrystal of aphase of
metdlic slver conssting of afew tensor hundredsAg-
atoms.

InFigure4 a) b), ) thereareelectron-microscopic
images of AgBr microcrystal. Infigure 6 therearethe
dependenceof thevolumeof slver particles, of Agions
concentration, Br atomsand Ag atoms concentration
onthetimeof IRillumination. Dependence(Figure6) is
got viacomputer modeling method accustomed for
solarization conditions.

(Y LLae
Figure4 (a) : Electron-microscopicimageof replica of AgBr
microcrystal of photoemulsion CIT-1after having been etched
of AgBr microcrystals by aqua solution of sodium

thiosulphatewith the concentr ation 50 % of Na,S,0,-5H,O
(1209), and then exposed by thewhitelight (29).

Figure 4 a) showsthe creation of silver particles
having sizes~ 2000 A (particleA) on the surface of
AgBrmicrocrysd.

Figure4 b) showschaining of silver particleswith
the diameter ~ 2000 A where particles in chains has
closefit to each other. The chain formation of spherical
slver patidesinthe processof illumination by polarized
light is known as Weigert effect!. The creation of
chains probably isconditioned by dipol einteraction of

Agpaticlesinthechain. Under theaction of laser with
A =10600 nm, P=4,2 W the emission of € ectrons
out of Ag particlesonthe surface of AgBr microcrystal
takesplace Thereason of that emissonisnonequilibrium
heating of electron gas of Ag particled®”. Laser beam
energy isabsorbed by thewholeensemble of electrons
of eechAgpartide*”. OntheAgBr microcrystd (Figure
4c) (placeB) itisobviousto seethelarge centres of
solarization created on the etched surface of AgBr

microcrystd.

Figure4 (b) : Electron-microscopicimageof replica of AgBr
microcrystal of photoemulsion CIT-1 after having been etched
of AgBr microcrystals by aqua solution of sodium
thiosulphatewith the concentr ation 50 % of Na,S,0,-5H,O
(120 9), and then exposed by laser polarized light with A =
10600 nm,P=4,2W (19). Intheimagethereisapart of the
AgBr microcrystal surfacewith thechainsof silver particles.

c|

¥ "I
Figure4 (c) : Electron-microscopicimage of replica of AgBr
microcrystal CIT-1 after having been etched of AgBr micro-
crystals by aqua solution of sodium thiosulphate with the
concentration 50 % of Na,S,0,5H,0 (120s), and then ex-
posed during 5shy laser light.

Figure4 c) shows (place B) that oblong particles
with thesize~ 952,4 A were made out of the silver
particles chainthough they had been exposed by white
light. The creation of large centres of solarizationis
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possi bledueto suchmechanism. Actionsof dectricfied
of thepolarizelaser light leadsto thedivison of charge
of slver particlesand to thegppearancedectrica dipole
moments there®®l, In such a case silver particles
responsiblefor solarization are created. Laser Weigert
effect passesintolaser solarization. Thus, laser light with
A =10600 nm, power 4,2 W, and time5 s can create
solarization of AgBr microcrystals.

Intheworkg+4l it wasindicated that the character
of Weigert effect lieson theunited intothechain silver
particles. Weigert effect is conditioned by the creation
of chainsand dipoleinteraction of silver particlesina
chan.

Figure5: Electron-microscopicimage of replica of AgBr
microcrystal of photoemulsion CIT-1 exposed by laser light
with A =440 nm, P=10 mW during 1/60 s (Weigert effect)
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Figure6: Timechangein the processof laser solarization
of silver clotsV(t) (curve 1), Ag atoms concentration n (t)
(curve2),Agionsconcentration n(t), and Br atomsconcen-
tration n,(t) (curve3).

Result of computer modeling of |aser solarizationis
showninFigure6. Curvesl, 2, 3arecrossed in one
point C. Maxima volumeof asilver clotis~810°m?
(R~5,76:10" m), minimal volumeof asilver clotis~
9102 m® (R = 5,99-:10® m). The obtained sizes of

—= Pyl Peper

slver particlescorrespond to theregion of solarization
on the characteristic curve. The peculiarity of curves
for laser solarizationwithA= 10600 nm is juxtgpogition
of Agionsconcentration, Ag alomsconcentration, and
Br atoms concentration curves.

CONCLUSIONS

Continuous|laser polarized light withd = 10600
nm, P= 4,2 W effecting AgBr microcrystas of the
photoemulsion CIT-1 with the6 unitsGOST sengtivity
etched by aguasolution of sodium thiosulphatewiththe
concentration 50 % of Na,.S,0,-5H,0 during 120 sis
ableto
(1) makeWeigert effect during 1 s; thet effect smplifies

theprocessof |aser solarization;

(2) makelaser solarization during 5swith T =293+
0,1K.

Laser solarizationwasgot withinashort timeperiod
of expogition (55).
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