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ON INTENSITY OF EMISSION OF THE METALS ATOMS IN A HYDROGEN-OXYGEN
FLAME IN A PRESENCE OF A MAGNETIC FIELD

An intensity of emission for the alkali atoms (potassium and rubidium) in the hydrogen-oxygen flame
under action of a magnetic field is theoretically estimated with using quantum defect approximation in operator
perturbation theory for atomic systems in external magnetic field. New estimates for the intensities of emission

of the lines for K (D1: 4’ , -4’5, ,and D2: 4P, —4°S
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) and Rb (1: 52133/2_525 and 2: 6*P,

2
1/2 3/2 -5 S]/Z) are

12
presented. The maximum value of the magnetic effect for D2 line of K atom for ¢ - polarization is equal 1.65,

for m -polarization— 1,24. For DI line the maximum value is equal 1,36 for both polarizations.

In this paper we present renewed theoretical
estimates for intensity of emission of the alkali
atoms (potassium and rubidium) in the hydrogen-
oxygen flame under action of a magnetic field.
To take into account the magnetic field effect
we use simplified model based on the operator
perturbation theory for atomic systems in ex-
ternal magnetic field. New estimates are listed
for the intensities of emission of the lines for K

(D1: 4°p,-4%s,,and D2: 4°p,, -4’5, ,) and Rb

(1: 5°p,-5°5,,and 2: 6°P,, -5"S,,). The maxi-
mum value of the magnetic effect for D2 line of K
atom for o - polarization is equal 1.65, for @ -po-
larization— 1,24. For DI line the maximum value
is equal 1,36 for both polarizations. Let us remind
that an effect of external field on the spectral pa-
rameters for atoms and ions in the flame is of a
great interest as in the modern chemical physics
and physics of combustion as atomic optics and
spectroscopy [1-10].

Among the effects that require further theoreti-
cal and experimental research related phenome-
non is increasing the intensity of the glow of at-
oms in a strong magnetic field in the complete ab-
sorption at the line center. The known example is

the excess luminosity of sunspots in the rays &
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, & 7, on the luminosity of the solar disk, which
is apparently due to the effects of environmental
enlightenment in a magnetic field of about 4.5 kE.

In series of papers by Hayashi et al (look for
example, [1]) it has been investigated the fluo-
rescence additives of inorganic salts in flames at
atmospheric pressure and was found the effect of
external magnetic field H on the intensity of the
luminescence of the intermediate particles. For
the OH radical in a magnetic field of 18 kE lumi-
nescence intensity increased by 14%, and for the
sodium atom - by 2.5 times. Sodium salts were
introduced into the dispersing aqueous solutions
of flame under a stream of nitrogen. The experi-
mentally measured magnetic effect, i.e. the ratio
of I(H)/I(0) luminescence intensity in a magnetic
field H to the intensity of the glow without a mag-
netic field. Hayashi et al have shown that such salts

NaNI magnetic effect increases with the concen-
tration (s) of the salt in solution, and salts of the

type NaNO?2, on the contrary, the magnetic ef-
fect decreases. Sorokin and others [1] concerning
the effect of the magnetic field on the intensity
of the luminescence of alkali metals sodium and
cesium in the flames. Appropriate aerosol stream

is saturated nitrogen vapor salts NaNI, NsNI.



It was studied an influence of the magnetic field
strength of 10 kE on the luminescence intensity of

the resonance lines of sodium (D1: 3*P,, -3°5, ,

and D2: 3’P,, —3S,,). The range of variation

of pressure sodium 0 < —5.0 ~* Torr. For the
line D2 in the case of ¢ - polarization maximum
value of the magnetic effect is equal to 2, and in
the case of - polarization - 1.5. In the case of lines
D1 maximum value is 1.6 and is the same for both
polarizations. For cesium atom measurements
were taken at two wavelengths of  transitions

(I: 6’P,—-6°S, and 2: 7°P),—6°S, ).
In refs. [2,3] there were presented first theoreti-
cal estimates for the effect of a magnetic field on
the intensity of the luminescence of alkali met-

als: sodium and cesium (salts NaNI, NsNI)ina
hydrogen - oxygen flame intensity magnetic field
of 10 kE. There were listed preliminary data for
the intensity of the luminescence lines of sodium

(DI1: 3°p,-3°5,,and D2: 3°p

,, —3°S,,) and ce-

sium lines (1: 6°P,,-6°S,, and 2: 7°P,, -6’5,
). The maximum value of the magnetic effect of
the D2 line of the sodium atom in the case of ¢
- polarization is equal to 1.9, and in the case of & -
polarization - 1.45, and for the line D1 maximum
value is 1.5.

In order to get more precise data it is necessary
to use more consistent model for treating an effect
of'a magnetic field on the intensity of the lumines-
cence of alkali metals. Here we use such a model
and apply it to studying emission intensities for
alkali atoms in the hydrogen - oxygen flame un-
der availability of the magnetic field (strength

10 kE) for the lines DI: 42131/2_4251/2 , D2:
4*p,, -4%s,, in potassium and D1: 52p, -5°S

1/2
D2: 6*P,,-5°5,, )in the caesium.

Naturally, the intensity / of the i-j transi-
tion is connected with the concentration of atoms
(standardly determined by the appropriate dis-
sociation constant, see. [2.4]) and corresponding-
ly the line strength S is defined as follows:

S=3ne’g, [, [2mo, . 0

Here w, = E; — E; - the frequency of the tran

sition, and f;_; -is the radiative transition i-j ~ os-
cillator strength. In approximation of the “length”
form D transition operator an oscillator strength
is defined by the following expresssion:

2

Jii= 2m/h2(Ei _Ej)‘<\Pj|D|lI}i>‘ :
()
Naturally the intensity ¢ - component is pro-
portional to the square of the standard 3j- sym-

bols: oy Il T’
MM =M. —1...M+1

and for the m — component it has:

v 1T
(— M.0...M J

The key moment of the model is determination
of the wave functions. Here the wave functions
of the states were found from the numerical
solution of the Schrodinger equation for al-
kali atom in a magnetic field using the simpli-
fied quantum defect approximation version of the
operator perturbation theory method [11]. Such a
model is more correct with the usual H-like ap-
proximation, nevertheless it is more simplified
in comparison with the model potential approach
(look analysis regarding different models in Refs.
[6-8,12-14]).

In Table 1 we present our data which illustrate
an influence of the magnetic field H in the lumi-
nescence intensity of D2 line of the potassium
atom in the ¢ - and & - polarizations depending
on the partial pressure of potassium atoms. In
the first case, the maximum value of the mag-
netic effect of I(H)/I(0) is equal to 1.65,
and in the second - 1.24.

In the case of line DI potassium atom
calculated value of the maximum magnetic
effect - 1,36. Let us not that the preliminary esti-
mate of this value in [3] is 1.4.

For the rubidium atoms the magnetic field in-
creases the intensity of emission line (1) in~1.5
times. Analysis shows that the obtained renewed
estimates are in physically reasonable (at least
qualitative) agreement with experimental data.
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Table 1

The influence of magnetic field on the intensity of
the sodium atom D2 line in the s- and p-polariza-
tion as a function of the partial pressure of sodium
atoms in flames: I(H)/I(0) - the ratio of the lumi-
nescence intensity in the magnetic field strength

H of the luminescence intensity without magnetic

field; p is the partial pressure (0 ~ Torr).

6 12 | 18 | 24 | 30

1(H)/1(0)\ p
6 - polarization 1,04 |11,27(1,65[1,59 1,28
7 -polarization 0,98 |1,10(1,24(1,22 0,68
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flame under action of a magnetic field is theoretically estimated with using quantum defect approxi-
mation in operator perturbation theory for atomic systems in external magnetic field 10 kE. New esti-

mates for the intensities of emission of the lines for K(D1: 4*p, -4’5, ,and D2: 4>p,, —4%s, ) and Rb

(1: 5°p),-5°5,,and 2: 6’ P, -5°S,,) are presented. The maximum value of the magnetic effect for D2
line of K atom for o - polarization is equal 1.65, for n -polarization— 1,24. For DI line the maximum
value is equal 1,36 for both polarizations

Key words: intensity of emission, alkali metals, hydrogen-oxygen flame, magnetic field

VK 539.182

T. A. @nopxo, A. B. Inywkos, FO. M. Jlonamkun, C. B. Ambpocos, B. I1. Koznosckas

O UHTEHCHUBHOCTHU CBEYEHUA ATOMOB IEJIOYHbIX METAJIJIOB B
BOJOPOJHO-KUCJIOPOJHOM IIVIAMEHMU B ITPUCYTCTBUU MATTHUTHOI'O
IMOJIA

Pesrome.

Jlana reopeTnueckas oreHka s ¢exra BIUsIHNs MarHuTHOTO 11oJ1st (10 kD) Ha MHTEHCUBHOCTH CBE-
YEHHUSI aTOMOB IIEJIOYHBIX METAJUIOB: KaJHsl U PyOUIHsI B BOIOPOIHO- KUCIOPOIHOM IUIAMEHH C UC-
MOJIH30BaHUEM MTPUOIMKEHUS] KBAHTOBOTO Je(EeKTa B ONEPATOPHOM TEOPUM BO3MYILEHHH 1JIsl aTOMOB

BO BHEINTHEM MAarHUTHOM Toyie. Paccuntanbl nHTeHCHBHOCTH cBedeHus jmHUN K (DI: 42 P, —4? Sy

uD2: 4°p,-4%s,,) u muauit  Rb (1: 5°P,-5°5,,u2: 6’°P,),-5°S,,). MakcumanbHasi BelnuInHa
MarHuTHOTO 3¢ dekra ansa nuHuu D2 aroma kajius B ciay4ae G- MOJsgpu3anuu paBHa 1.65, B coyuae
7- nonsipuzaunu — 1.24, nusg auauu D1 MakcumanbHOe 3HaueHue coctapisieT 1.36 1 oAMHaKOBO IS
00eux MoNIpU3aLHi.

KurroueBble ¢JI0Ba: MHTEHCUBHOCTb W3JIyYEHUS, IIEIIOYHbIE METAJUIbl, BOAOPOJHO-KUCIOPOJIHOE

IUTaMsl, MarHUTHOE I10JI€
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ITPO THTEHCHUBHICTDH CBIYEHHSA ATOMIB JIYKHUX METAJIIB Y BOJHE-
KNUCEHEBOMY IIVIAMEHI Y IPUCYTHOCTI MATHITHOI'O IIOJIA

Pesrome.

OneprkaHa TeOpeTHYHA OLiHKA eeKTy BIUMBY MarHiTHOrO nofs (10 kE) Ha IHTEHCMBHOCTI CBITIHHS
aTOMIB JIy)KHUX METAaJIiB: KaJjiio 1 pyOi/iit0 B BOAHEBO KUCHEBOMY IOTyM’1 3 BAKOPUCTAHHAM HAOIIKEHHS
KBaHTOBOT'O JIEEKTy B ONEPaTOpHOi Teopii 30ypeHb I aTOMIB y 30BHIIIHBOMY MartiTHoMy modii. Po3-

paxoBani inTeHcHBHOCTI cBiveHHs miHild K (D1:4°p, —4%s,, Ta D2: 4°p, —4%s,,) 1 Rb(1: 5°P,,-5°S,, i

2: 6’°Py, 55, ). MakcuMasbHa BelU4HHA MArHITHOTO edekTy Uit inii D2 aromy K'y BUNAJKY G - OIS
pu3anii ckinagae 1.65, a'y Bunaaky - nonspusanii — 1.24 , a i minii D1 MakcuMalibHe 3Ha4eHHS CKIIaae
1.36 1 € onHaKOBUM 1715 000X TONSIPU3ALIIH.

Ki11040Bi c/10Ba: IHTEHCUBHICTH BUTIPOMIHIOBAHHS, JTy>KHI METaJIM, BOHE-KMCHEBE MOJIyM 5, MarHITHE
nose
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