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ABSTRACT

Imprisonment cf resonsnce radiation by atomic absorption
of Mn and 2n 2t 4030.76 A and 2138.56 § resppctively, for a wide
range of goncentraﬁ}ons between 1 and 5x103 ppu in an 2ir-acetyi-
enc flame has been investigated. The opticai depths T, the mean
ﬁrobability values o photon escape ©,,and photon capture -4 are -
determined. It is shown that there 1s certain state of eqdilibriuu
between phiton gscape and capiure, where‘ﬁ; =1, and & = - 0.5
which were relevant Lo 50% o: total absorpfion. The dependence ¢l
both ﬁg and ~p vu e Gotol nuzber of stouws in ground state N cm'3
ence radiation is negligible at low absorber opacity ( ) £ 1),
while 1s remarkable at khigh abscrber opacitiesA(ﬁg > 1), ond is
independent ou N oat ’_{: » Vo The signiflcence ot impriscuuent

concept 1s cezrefully assessed,

~1-

INTRCDUCTION
Tipiiscuament of restiencs radlaticu in realstive plaswas

3

| - n ‘ - . - - . . b * 2
wag first developec Sy Bitemiaa aud, jucepewde.tly, lty Holstelu™

congidering repected resbsarption in the case of optical excit-
etion. Soue authorsq_a were interested in studying the experin-
ontal verificatian of the imprisonment radiation phencaena and
connected it with chanies ir the satomic 1ife times, tranglition
probabilities and excitation cross-sections. Definitely, the
protiem smizht be trealed by szolving the Holstein's integro-
gifferential equations usliyg simple analytlcal approximulions
whiclk leac to certain expression dencted bgﬂLhe escape i‘actor.?’8
The escapé factar represented the wean probability of photop
escape. It could be expressed in terus 6f either phaton escape9'1£
or photan capture?’}s’lq Since the phnotcn escape and photion
capture are compleuentary processes, the escope faclor has a
dual character. Therefore, the same expreasion Ior the escupe
factor was obtained considering both f:oa‘n;epts.“S

Emphasis in this paper iz on the evaluation aznd interpret-
ation of imprisorment of resonance radiation from an atomic absor-
ption point of view. The mean optical‘depths‘ﬁz for wide range
of concentrations Tiaw 1 to 51(103 ppm of Mn ang Zn at the res-
onance iilnes 4030.76 3 and P138,56 2 respectively,were determ-

ined. The cocape Tactor B, and accnr@ingly, the meon prob . bility
Q
snd - on the total number of atoms in ground state N was studied

of photon capture 4/ were czlenlated. The dependence of both 7

exten51Veiy.

| THEORY

‘A, Imprisonment of atoulc reeoncnce radiation:

On the hasis of photon escape concept, the escape factor

-



of a dpectral line obteying a Gsusslan prefile in a uniformly
excites source having s piané;parallel glab geometry, may be

Given hylG

g - 2= exp{ - 1073 T
I+ =fb
where =k L 1s the optical depth, k, 1s the absorption cceoflici-

()

ent and L 15 the length of source.

But on the basis of photon capture concept, and agsuming
that the source 1s isolated and only lihé photons within the
-aburge contribute to photo-excitation, the mean probability of
photon capture ( or imprisonment ) may be expressed using the
model predicted by 2ansEra,9 Anderson.]? Outerbr0ck]0 and Hearn‘1

(ZAOH) asT5 :
Vi
+=-aof¢(v)dv , (2)

where \)1 1s the frequency at the line center, 4>(Q) 18 the line
profile ( aﬁggrption or emlsgion ) which oheys thg normalization
cc_mdit:l;oox}.f#)(\’)d = 1. The mean Biberman-Holstein coefficient
A( a notation given by Drewin and Emard‘a’19 ), or the escape
factor, may be given by

A 1—/'{-' ﬂ '\’
- dh
-2 q‘: ay
[~ -4 .

2 (viay

e

= ™5 (3)

where Tas(ﬁ;) is the asymptotic form of Holstein's transmlssion

factor. The eccape factor A may be identificd in a more straight-
¥ —

forvard way with the escape factor © = T25(T 3}, thus

—3-

R B b SO S y——— e

6 =1- ﬂf’ .

Frot Eg.{4), 4 can be calculated once & was calculoted.

(4)

' The dependence of 4 on the total nuaber of atoms in gZreund

state N resuits irem the relation between T, and N according

the following expressionao

7 agnlgaﬂ’ﬁ; eN L,
where69D= 7.16x10~7 90( /M )i is the Dopplergyié%h, e is the
electronic charge, m is the mass oI electron, ¢ is the velocei
of light, f is the oscillator stremngth of the tramsition deal
with, M is tle atoaic mass and T is the absolute temperature

the source.

B. Colculation oi the Lotal nucnber of atows in ground state

to

5)

ty
t

ol

H:a1

The total aumber of atows in ground state ¥ can be caleul-

ated in terus of the total absorption AT which ie defined by
Iy~ T

Ap =
T =" Ty
0 L

21 j {1 - exp| - k{\))ds]} dy

: : L

= 27T -—-—-6% 3 f{1 - exp[— j k(y)d%\ dy

(la2)? © o]

where y = 2({V - Vo) (1n2)%4593, and U;‘is the frequency at Lh

€

line center. For a honogeneous source (,e.%., & flame ) we may

write 1
k.‘ d = k' L.
/ \.y) B \)’)

Thereiore,

-
:_: =.Oj {‘I - exp [- kky)@kdy-

Froz Eg.(o), the double logarithudc plct of Ap as a fuunction

NIL represents a theoretic cuive of giowihe Using the coumpute

ke
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tables by Van Trizt et al,21 for values of AT/Zb at certain value
of the damplung constant Q, relevant values of NfL/b could be est~-
imated, where b =‘TT6vD/(ln2)%.

EXPERTIMENTAL

The measuremgnts were carried oul using an atomic absorption
spectrophotometer (Carl Zeiss). It is fitted with a long rectang-
ular (slot) burner which produces a wedge-shapédgflame with 5 cm

length, and fairly flat sides which can be viewed cdge~-on. The

fx

Neasurenents vere done on absorbance scale which can be iucreese
by 1, 2, ...etc, to fit the samples of very high concentrationé.
Several aqueous salt zolutions of a wide range of concentratioas
ranging between 1 -and 5x103 ppm were prepared for Mu and Zn. fhe
absorhances were measured for each concentration at the rescnance
lines #0320,7¢6 R and 2138, % 3 ror Mu and Za respectively, ﬁy spray-
ing the salt solufion into the flame. The air-aceiylene flow rates
~which gave tlie highest value of log(i,/T) for test sauples were
75=60 ¢ivisions respectively. The necessary background corrections
due to flare constituciis and vater molecules were carefully done: .
The hollow cathode laups (H.C.L.) used were of the Westinghouse
type, and the workiag current was 15 m.L » The flame temperature
wag measured using the liuc-reversal method and was Tound to te

T = 2400 + 20%K.

RESULTS AMND DISCUSSICNS
Before applying no.(i), t%c following cpproxiaations have to

be taken inte consideration:

(a) The resonance lines emitted from the H.C.L. have Gaussian
profiles, and the abso.ted resonance line profiles, at mexdous
1ntensity, will be considerd still ohey Zaussian distribution.,
{b) The absorbed resonance lines int: the flame are mainly broad-
ened by adiabutic collisions (besides Doppler), and hence, they
will have Voigt profiles. For thils reason, the corrections made

by Blickensderfer et a16 were used to obtain Yglues of optical
depths;fb = koL of the Gaussian profiles Irémﬁihe mneasured optical
depths as: for Ma, the dauping constant22a= C.5; kg, L = C.615k,L,
and for Zn, the damping constant G = 0.4; kp,y L = 0.63 k L{obtai~
ned by interpolation)., and

{e¢) The rectungular flame used will be considered ws a source of

- unlform excltatiocn and has an infinlte plane-parsllel slab geometry.

Considering photon escape concept, values of the escape fact-

or @ using Eq.{1) vere calculated at the different values of 7,

-for both Mn and Zn. According to the model predicted by ZACH, the

mean probabllity values of photon capture (or imprisonment) -
were calculated ty Eq.{4) through valuecs of 8. Values of 7,

and »P are reported in Table I. Fig.1,(a) and (b} shows a plot

of both © (dashed lines) and ~ (solid lines) against 7T, for lin
and Zn respectively. It could be moticed that both & and 4 obeyed

-the familiar exponential behaviour represented by Eq.(1), which

ig in agreement with similar plots of other relations predicted
by several eu.x’c.horxs..?’&']5 But in atowle absorption spectroscopy,

it might be significant to study the behavliour of ~ with -, .

whick looks, apparently, tc Beer's law. At higher values of 7

(,i.é;,‘? 3% fP tended towuards constancy which weans that

-6



absorption approacied saturatiocn. It is interesting to find -
that at the intersection point of the twoc plots, 8 =—P‘= 2.5
which is relevant io ﬁ; = 1, AL this point, both probatilities
ol photeon escape and capture are equal. From a graphical repres-
entation of the percentage total absorption Ap and ﬁg for both
Mn and Zn, we found out that Ap = 50% at ﬁz = 1. Therefore, the
intersection point, wvhere 1; = 1, rpay represen?lthe equilibrium
or midpoint between photon escape and capturé (or between trans-
mission and absorption) of the resonance radiation. |

The total number of atoms in ground state N were estimated
using the deterained values or AT for each concentration of Mn
and 6.086

x 1095~ y and hence, vsiues ui b were 13.30 x 10 %1 ana 22.97 x

and Zn. The calculated values of 6V“ vere 3.524 % 1”9

1078~ for Mn ana 4o respectively. By means of the computed

21 values of NfL/bB were obtained for

Tables of Van Trigt et al,
values ol AT/ab, »% the relevant values of QA . Substituﬁing by

f = 0.057 for 4030.76 g Mn, and £ = 1.3 for 2138.5 ﬁ Zn, and bg

H

L = 5,0 e, values of N cm_3 could¢ be estimated as glven in Table
I . Figs. (2) and (3} show a plot of i; against N en™> for Mn and
Zn respectively. t is ciear that ﬁg 15 directly proportional to

N and follow & straighi line up to the value of ﬂ’ = 1, over which
1t deviates from the straight line beaaviour till it tends to be
> 6 for Mn and %)1.5 for
Zn. Returning agaln o the equilibrium point (where & = 4= 0.5,

independent on N at larger values of A

-~ -
and 0 = 1), it could be pointed out that when 77, > 1, imprison-
ment of resonance rodiation become remarkable 2nd effective, to

which, resbsorption =irht be attrituted. At larger values of'fgip 1,

—T-

. - R e R N " SRR
poME e e o sk -
. - s

+

or zi high absorber opacities, it could be concluded that impris-
onment of resonance radiatlon becomes greater , and hence, causes
greater reabsorption which may lead to saturated absorption where
qg is independent on N. While, a2t low absorber opacities, i.e.,
] <”T; <’1, imprisonment of resonznce radiation might be negligible.
Figs. (4) and (5) are plots of - against N cn™? for Mn and
Zn respectively. It was found that the intergecf}on point of the
two asymptotes ( at lower snd higher values of f) falled at =
0.5 and at N = 1.6 x 10'2 en™> and at ¥ = 0,62 x 10" co™? tor
Mn and Zn respectively. These values were approximately equal to
those for N at A, = | in Figs. (2) end (3). This result supports
the significance of the equilibrium point refcrred to before,

- However, the genaral behaviour of ~ clarified in Figs. (1), (43,

and (5), foretells that the expression given by Eg.(4) based on ‘
ZAOE model might be favorable in representing the idea of impris-

onment of resonance radiaticn ian atomlc absorption spectroscopy.

: GONCLUSIONS

(a) There ie certaln state of equilibrium between photan ascape

and capture, or between trauswission and absorption, whereffb =1,

“and & = +I=.O.5 and are relevant toA5d% of the total absorption.

(E) Imprisonment of resonance radiation is negligible at low
ébsorbér opaclties ,i.e., ﬁ% £ 1, while 1t is remarkable and .
effectlive at high absorber opaclities, 1.e, ﬁg :>1, and is indep-
endent on N at T >1.

(c) The expression glven for ~p by Eq.(4) and based on ZACH
model may be favorable to represent the signlficance/imprisonaent

aspect in atomic absorption spectroscopy.
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Jix0® | 8.4615 | 0.893 | 7.083

Table I
{40 6° (21 68)
Conc.n Mn(4030.764) 38.5
ppa To ﬁ“ Nx10'%ca™> ﬁ; 4’ Nx10' Vo>
H 0.4397 0,305 0.276

0.7653 |,.0.433 0.485

0.0937 0.086 0.134 1.7269" | 0.633 1.012
10 0.1834 0.155 | 0.247 2,845 | 0.739 1.452
20 0.3294 0.248 | 0.456 3.8941 0.795 1.680
30 : _ 4.2327 | 0.808 1.730
50 0.8237 0.451 1.23%6 4.,7068 | 0.824 1.776
80 . 5.0793 | 0.835 | 1.813
wo | 1.6024 | o0.615 | 2.660 5.2485 | 0.839 | 1.830

5.7565 | 0.851 | 1.860
6.0274 | 0.857 | 1.874
6.5015 |. 0.866 | 1.890
6.8400 | 0.872 { 1.903
71787 0.879 1.911
7.5512 | 0.882 | 1.920
“9.9237 | 0.887 | 1.923
8.1268 | 0.890 | 1.925

200 3.0701 | 0.75% | 4.912
200 L.4180 0.815 6.180
500 6.7393 0.870 | 6.926
"700 7.7502 0.885 | 7.038

ax10> | 8.8733 | o.898 | 7.100
3x105 | 8.9857 0.899 | 7.105

5x107  |.9.3976 | o.903 | 7.118

ACKNOWLEDGMENTS

The author would like to thank Professor Abdus Salam, the Internationsl
Atomic Energy Agency and UNESCC for hospitality at the Intermationsl Centre
for Theoretical Physies, Trieste.

=10



S - p o
T YUY

L

T T T

In

als PR S S T I-£t1)) L Ll.‘L%;
Q- | 1 10
Fig(1) %

«~

R IR I

|

A

Mn

P K O |

PR WU O P O i

10
Fig(2)

=12~

: 1
N x 1012crﬁ




10

T 1 711 I TT

10

LR ]

L

1

L[LL&I;LIIII

M P I

Zn

10
Fig(3)

]33~

Nx10 k310

10
T
1.0
4 Mn‘
(o} Lo bbb b1t Lo b ot 11
(}1 l 1&) ) 12 _{3 1(}
| Fig{4) Nx10“cm~
=1h-



10r

1.0

Q1

Pl

T

AL

1

L

.

L 111

L

10
Fig(5)

-15-

Ic/81/29
Ic/81/86
IRT .REP.#

Ic/81/92

I1¢/61/93
Ic/81/94
INT.REP.*

Ic/B1/95
Ic/81/96
1c/81/97

IRT.REP.®

Ic/81/58
INT.REP.*

Ic/81/99
INT.REP.*

10/61/100
INT.REP.®

10/81/101
INT.REP,*

Ic/81/102
INT.REP.*

10/81/103
INT.REP,*

Ic/81/10h
INT,.REP.*

I1C/B1/105

1C0/81/106

IC/81/107

1¢/81/108
INT.REP.*

Ic/81/109

0.A. OMAR - Photo-response spectrum of surface barrier dlodes on GaAs P

N.S. CRAIGIE and J. STERN - Antisymmetric temsor and vector sum rules
in QCD and chirel symmetry bresaking.

Y. FUJIMOTO ~ Induced Yukawa coupling and finiie mass.
1.A. ELTAYEB - On the propagation snd stability of wave motions in
rapidly roteting spherice) shells - IIT: Hydromagnetic three-

dimensional motions.

L]
m.5. TODOROV - On the commutativity of charge superselection rules in
standard quantum field theory.

RAJ K. GUPTA - Flements of nuclear physics.’

R

Conference on Tifferentiml Geometric Methods in Theoretical Physics
{30 June - 3 July 1981) - Extended abstracts.

S. RAJPOOT - Parity violations in electron-nucleon scattering and the
su(2); * SU(R)Rx U(1)p,p electroveak symmetry

M., F1-MOUSLY, M.Y. EL-ASHRY and M.H. EI-IRAQI - Modified basin-type

- solar still.

M.D. MIGAHED, A. TAWANSI and N.A. BAKR - Elecflrical conductivity In
polyacrylonitrile and perbunan.

M.D. MIGAKED, A. TAWANSI AND N.A. BAKR - Dipolar relaxation phenomena
and DC electrical conductivity in perbupnan films. '

mixed crystals. x 1

M.K. E1-MOUSLY and N.XK. MINA - Photocrystalilzation ~f a-Be thin- films.
M.X. E1-MOUSLY and N.K. MINA - DC conduectivity of a binary mixture.

M.0. BARGOUTH and G. WILL - A neutron diffraction refinement of the crystal
structure of tetrageonal nickel sulfate hexshydrate.

BOLIS BASIT - Spectral characterization of abstract functions.

G. DENARDO, H.D. DOEBNER and E. SPALUCCT - Quantum effective potential

in 8 x B3 .

F. WITPEN - Mass hierarchies in supersymmetric theories.

C.R. GARIBOTTI and F.F. GRINSTEIN -~ Recent }esults relevant to the
evaluation of finlte series.

F.F. GRINSTEIN - On the anal)rt.ic continuation of functions defined by
Legendre series.

P. BUDINICH end P. FURLAN - On a "conformal spinor fleld equation”.

® Internal Reports: Limited Distribution.
THESE PREPRINTS ARE AVAILABLE FROM THE FPUBLICATTONS OFFICE, ICTP, PC BOX 586,
I-34100 TRIESTE, ITALY.

[P



1¢/81/110
10/81/111
INT.REP.*
ICc/81/112

Ic/81/113
INT.REP.*

I0/81/11k
INT.REP.¥

IC/B81/115
Ic/81/116
Ic/8r/117
INT.REP.%

1c/81/118

ICc/81/119

1¢/81/120
1c/Br/121
1C/81/122

I6/81/123
INT.REP.

Ic/81/124
INT.REP.*

1¢/81/125
INT.REP.¥
Ic/81/127
1c/81/228
10/81/129

Ic/81/130

G, BENATORE, P.V. GIAQUINTA and M.P., TOSI - Structure and electric

resistivity of dilute solutions of potassium halides in molten potassium.

BSLIS BASIT - Unconditionally convergent series and subspaces of me,l).

5. NARTSON - QCD sum rules for pseudoscalar mescns.

M.P. DAS - An atomic impurity in a high density plasma.

M.A. KENAWY, T.H. YOUSSEF, F.A. SAADALAH and M.B. ZIXKRY - Relaxation
spectrum of deformed Cu-8.8 wt pet Zn.

P, BAYEN and J. NIFDERLE - Locelizability of massless particles in the
framework of the conformal group.

H.D. DOEBKER; B; STOVICEK and J. TOLAR - Quantizatian of the system
of two indistinguishable particles.

M. AHMED - Average metastable states and internal fields in Ising spin
glasses.

K. AKAMA and H. TERAZAWA - Pregeometric origin of the -big bhang.

V. ALONSO, J. CHELA-FLORES and R. PAREDES - Pairing in the cosmic
neutrino hackgrou.nd

S. NARISON - QCD sum rules of the Laplace transform ty‘pe for the gluon
aponent of the U(l) meson mass.

M. SALEEM and M.A. SHAUKAT - Study of the reaction 1r"p =+ wn in the
15-40 GeV/c momentum range.

M.A. RASHID - Expansion of & function sbout a displaced centre,

J.E. KIM - Natural em'bedﬂing of Peccel-qulnn sy'mmetry' in flavour grand

unificption.

FARTD A. KHWAJA - Bhort-range order in alloys of nickel with the
elements of group VIII of the periodie table.

BOLIS BASIT - Unconditionally convergent series in the space €(g).

' SOE YIN and E. TOSATTI -~ Core level shifts in group IV semiconductors

and semimetals.

S0E YIN, B. GOODMAN and E. TOSATTI ~ Exchange corrections to the bulk
Plaemon cross-section of slow electrons in metals.

SO0E YIN and E. TOSATTI - 'Epin—ﬁip inelastic secattering in electron
energy loss spectroscopy of a ferromagnetic.metal.

A. BREZINI and G. OLIVIER - Self-consistent study of localizaticn.

A?

Ic/B1/131

INT.REP.*

I¢/81/132

IC/81/133
INT.REP.*

TIC/B1/134
IC/81/135

Ic¢/81/136

1¢/81/137
INT.REP.*

10/81/138

IC/81/139

IC/81/1k0

INT.REP.*

B (T IWALY]

INT.REP.*

ICc/81/142
10/81/143

IC/81/14k

" IC/81/1k5

10/81/146

IC/81/147

1C/81/148

Ic/81/1k9

Ic/81/150

Ic/81/152

10/81/153

INT.REP.®

M. SAMIULLAR and MUBARAK AHMAD - 0(S); x 0(5)p x W(1)y

M. APOSTOL and I. BALDFA - Electron-phonon coupling in one dimension.

D. KIMAR - Fractal effects on excitations in diluted ferromagnets.

A. SMATLAGIC - Paeudoclassical fermionic model and classical solutions.

A. SMATLAGIC - Quantization of the Thirring model around mercn sclution.
ABIUS SALAM - Proton decay as a window on highest energy physics

8.8, AHMAD and L. BEGHI - Analysis of the energy-dependent single
separable models for the NN scattering.

R.,K. GUPTA, R. AROUMOUGAME and N. MALHOTRA - Adiabatic eand sudden
interaction potentisls in the fusion-fission of heavy ion collisions:
Asymmetric target projectile combinations.

J.E. KIM - Reason for SU(6) grand unification.

M.D. TIWART and H.H. MENDE - Phonon heat capacity nnd superconducting
transition temperature of dilute solutions of HF, Ta and W in V.

F.A. KHAWJA, M. IDREFS and M.5.K. RAZMI - One para.meter model potential for
noble metals.

J. CHELA-FLORES and H.B. GHASSIB - A tempersture-dependent theory for
He II: Application to the ligquid structure factor.

AHMED OSMAN - Coulomb effects in deuteron stripping reactions as a
three-bodied problem.

PENG HONGAN and QIN DARHUA -~ Lepton pair production in deep inelastic
scattering of polarized particles.

_electroveak gauge
theory and the neutripo pairing mechanism. : -

8.H. MAKARTOUS - A numerical solution to the radial equation of the tidal
wave propagation.

LEAH MIZRACHI - On the duality transformed Wilson locp operator.

AHMED. OSMAN - A cluster expansion for bound.ed three-alpha particles as
a three-body problem.

E. TOSATTI and G. CAMPAGNOLI --Charge superlattice effecta on the electronic
structure of 2 model mcceptor -graphite intercalation ceompound.

S.H. MAKARTOUS - Helmholtz equation and WKB approximation in the tidel
wave propagation.

DANA BEAVIS and DIPIN DESAI - Diquark i’re.gmentation in leptoproduction
of hadrons.

W. FURMANSKI - Scaling viclatiom in QCD.

A. TAWANST and ¥. FID - Potasaium borosilicate glasses:
and struei._ . types,

Phage separation



- -

- -

(™

-~

A e



