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The studies of interferences in the flame photometric

method of alkali analysis

Chang II, Kong (Ssangyong Cement Industrial Co.)

ABSTRACT

To obtain a more accurate results in alkali analysis of cement and its raw
materials we must solve some difficult problems.

The most important problem is not only dissoloing the sample with keep up
alkali content but compensating interference effects.

Here I will bind out the characteristics of interferences and make good method
of sample treatment, for the purpose of compensating the interference effects.

Classifing the interferences, there are 1. mechanical interference 2. spectral
interference 3. diverse elements.
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A. Flame photometry FEoM2 BRay HE

1. Flame photometry

1—1 Flame photometer: sample solution& atomizero] 2] aersolZ4 flameo] Z5 o}
flame®] thermal energyo] 2|3 exciting®lt}. o= molecule =+ element®5-¥ rad1at1on54
£ emission spectrad] intensity® ZA 39 E&I-A =l

o] 44 GAFH oz A Bu flame £9 2 aersoled homogeniusstA F+EAA £ =
HLE d44q e e Wsish Ao

1) € w2 ofu gusl Az uAg o particled @]z HKEEoh

2) 89 = BERSAAN Azd ol 75tslx gasdel £A49 AA e d¥UF AAF

L2 F3 5o emissiond] Zgol 5 neutral atomg o] &

7k

el

3) <7kl free metalo] B% Lo &R 8= o radicalo]y atom mE E A3 A e
elements} A st B Fo2 o] s1A ot

4) Neutral metalic atom®] 7% =& F% Y94E z& £xE5o] thermal energye] ofsf
excites] . F4 Y4 A9] ionization == excitationo] o] i FAle) A oot}

5) Atom molecule =& ionE9 excited level2 E¥ = 437} o2 particled} 2584 =
& YR radiations] <914 ground state® Sof zhth.

37 AR A WA E Yol favidh, FEAuic z st EAAYAE AL 28
internal energy levelo] FSEigho 2 AalAd g7 o %ok Atome] glelA = kinetic energy
9} electronic energyd] #o] internal energyrt =3 moleculeo] UAAE T4 LAE719]
vifrational energy, &=} ¥4 4o W3 ratational energyd] %ol st} Atome] ytmolecule

EXL 2N energyE 439 © L energy level2 excitesw oA B9 Auz 5
of 2A =& olw wl=A] energyd #EdA o
ol energy+ radiationd] Fe| 2 = o} A} o] =}

E;=energy of higher level
E,=energy of lower level
h=Plank const. (6, 625x 10~erg-sce)
v=frequency of radiation
917 m= Ex& internal energysl quantizes)o] Ao ® ZEA3r] w@Eo excited]
high energy levelo] A lower energy levelZ -3 & w| = selection ruled] £]3}¢f o] Jevel®
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‘Flame photometry o] 24 alkali BBl g1} A interference o BHEy 2 (part I) 3
HEol Z& Aol AfAY] WEof Est Eivt AAAYGAH =l 2 ol 7z Y& EAE o]
Azt QA3
o] zto] AHARA kv GA constants} =t ,
28 ¥ frequency »9 wave length 2 A}o] 4 &= —}z—=—%.‘4 A ez

Ey— Byl eeveeeereresnctnssnnenennens )
1
7=% ................................. )
@ @A
E;—Eo=h~;— ............ @e°] "k

o714 ¢ light velocitye]® const.olz = kb QA const. o)UY 7t Ei~E,8] o] =3 Z-L0]
wa} A9 zto] WEA 2R 2 A} EAS6 9lo]A 9 emissions] &= lighte] spgo] z-f3t
A =HE Aol

1—2 A} 239 emission spectras A7) $8A o] 5L exciteA] 7] = wE L 2R 9
o} BF9 thermal energy excited]7]&£d] lolAE E1¢ TAEol ZA4HA Hoh. BB
2 Agd gB3d5s B2E FaE 449 w83l energyd HHEHEH ] energy® A3 &
52 Jehtd CO, HO, O, 59 24, 549 9, aerosolz H#AHY 4AEH} FEHA H
o] o] FEEEM: %Eo] flame gasZHH A} GA o) energyd: AZEA k. @b flamed]
715 L particleES 3 A3 S22 s1EA 7 v salt particled] 223 energyd: FF3le] B
gl A FHA T 2 E3 A 7= ol FA7t AAE exmte/~]7i1 radiatestr] 74A & 1~0.01x
secql® whele) EAsL 17]9F 48 EFANA FEIE AFE AT 10707 #HE #A9
radiatione] A7]7] Ao 100~10, 0003 =55 zA Hrh

0134 FEo dMA A7} excite stateF 2 2 HE = 2 RES Hide] 2 9%
u A Db et gas AHS Ao EAE AT F A2 22 HAHY W 4o
"‘rﬂ o o] .

CaCl% o2 Eof £ridd
~+OH (from flame gases) =—=CaOH
. ~+0Q(from flame gases) =—=Ca0
gaseous moleculese==—netural atoms_—-wmzed atom

CaCl, Ca® +Cr Ca*+e”
Z 2E4) YA gas FAE F49 AAZ Fdst b4 iondd 4R A, ol F

oX

22 Ca’e 437t flame gasi»rﬂ~4 OH =% 0% Ao COHS Ca0 = o9 l‘f——S}Fj
CaCl,®) 4% FAsA =Ho o] E AE°] excites]o] 252 ¥k spectraf o] ¥4 ==
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4. - ARE AZAL

2 ExstElh

2 ol £ HY A9 ¢ flames] &%, gas AEHle] A&, free electrond] W
2 2 & anionEst OHE % oxygen 44 F¢ ¥4 A2 AdelAE Aolch

)% AR uhe} Fo] EF Fol ¥R, ¥, ion 5 o Ad9 particlee] A At o
ol Kitiste 2Ee Hfol oudr AR o¥A Hdess: 4R,

2. Spectrum?®| &g

2—1 Atomic spectra

A FT2l excite electrume] high energy levelo] A lower energy level® wWolx Zof 7+
W £AdEH 2R s & spectra® atomic spectrazt dcl. EZe] thermal energye] <3
excitesl Fel= BT HE BIHE FFEe=yH 92 9|7 quantized energy levelo]l} ¥
# = (molecular orbital) & transitions} o] Q& A=A A3 EeAZ Aol azjzz
o] AR eqlo] 3al vho}h & oFe) energyo] A FeHe ohe] 0ol Fel 2. energyE HHIFT
Bk ZET AH = EIE"F Zkeh. o) 27 emissions] = W& BAKEMHLE 1719 wave lengthE
e Yube Bt AL okl ek o AAE F24e orbitalEe] wat & g B2 energy level
T REA ) B energy levelE® = Eol sbwlA BAY spectral lined frHstAl =
Energy leveld @ol 71 AAFE oS vl E3¢3 spectrum$ 77 =+

Flame®] &%} vjmd Yow 714 o energy levelzt x| o ql excite= 7] w F-of =t 371
spectral lineg & 4 9lrt}. Acetylene-oxygen flamee]+ = ¢ 5.5 ev o] 3-8l excitation
potentiale] 4 #Hishs linee B¢ % 9lvh %Alel el e energy level diagramg w2l
o&3t zEeh ‘

% lev=23 Kcal/mol
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Flame photomgtry o] £ alkali sE&ol 9lelA interfergncg 9«] Hmny £% (part - 1) ; 5

g £1
Value of n Sub. shells present Number of electrons.in the filled shell
1 (K shell) s 2
2 (L shell) sp 2+6=8
3 (M shell) spd 2+6+10=18
4 (N shell) spdf 2+6+10+14=32
8 £2 '
z element 1s 2s 2 3s 3 3 4s 4p 4d
3 Li 2 1
11 - Ni 2 2 6
19 K .2 2 6 2 6 0 1

A3 ol He 589mp s 742 sodium®] 34 lined) emissione thez e 4 o,
2 wA% . 3s orbitalg £33 §l+ unpaird electiono] % gase] :%o] particles} %3]}
3p orbital2 ¥ o] E—}ﬂ Hg et o] excited electrono] £} 3s orbitalZ o of 4 = 589my o}
79 4¢ de Atk oy 52 velhtE sodiumd] 4 330mpd] ssme st =y)
ol= 3s BT~} 4p orbitalZ2 &2} zkvhsl 359 e orbitalz Eof Z woltt, zE =z 3 2
2 Z-E= bp 6pY orbitald 7R £ L8t & 4 gk,

28y o]Hrel = selection ruled] mel = ohE P9 transitione] & FEE gA FHq
)AL & 259 E¥A =i elementd] Fol B = A7ich oS 5w 819my 9] lineo) A
olE] 3s9] BE7L oFbF L3 energyE o} 3p orbitald] =¥ vls} A 3drtx) ] &8 SbA
g wjolr}. o] Ae| 3p orbitalZ w4 3s orbitalz Wold = 8199} 589mpe] lineg EA o] 1

5

2—2 Tonic spectra

=% FA Hilig e 49 A& FA9 atomo = HE WA # atomic spectraglz. §-¢]t}.
2 TR ERA elAw 149 B ionstel RBIAN Bad o] Egmy E3)
acetylene-oxygen £XAH 29 FFEA o & vehdrl. Ionoz HE g spectrum-& %
A9 AAZFH S spectrum= $A38) T2z vlE ¢ A WE Y49 spectrume =
A A

2y 9A 30t A& d49 de] positive charge® 718 3 g e Aol =7 @&
zero energy levelo] &< 482 ot oldl A%s KHd 4& 2 TEig o CENC e
Zoz A2AA ot ol o]l T4 YA spectrum} iond] spectra g Aolrt H CE|
¢l ionic spectral line-- 455.5my, 493.4mgpe] barium 407. 8=} 421. 6mpoi 4 9] strontium 393
3 396mpol A9} calcium spectra -0 .
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2—3. Band spectra ‘

BeE alkali 24%¢ deolu ohg SEZ spectrak S HASTIAA 2F band
system$ o] %7 =l Band spectral® EAe] HAAY ol Fo] 3t EAgIET EAE
electronic excitationg & | ¥¢] vibrational eneréy% 73 9lth. = 7} electronic transition
o A AANHLE AP FAE Ay AHA A ZE vibrational ejnergy levelg 2Zt7l
At |

Vibrational energy: rotational energy$} & EX o] dojrtu electronic transitions] u] 3|

493 #e gl WMEel o) F B energyst @4 R £A5H 4 Aol ob 3 spectrum

2}
9 9¥¥e FA3E bandZ vehte AP 2ol ek /W\/\/\A/\_/'
Z band spectrat electronic transitions} &7 vibrational ‘ :

2.2 3 rotational energy leveld] #¥iZ o] g3 $& A5 & i -
o bandd# A= WL FEL AX3A =9 =z modex W
e 237 o]l dF L o] F3 glot vibrationd 7t _

vk Aok wel 3o weEhA sharp edgert &2 A - A o

w}el4] flame photometers] monochrometerZ A48 7% &4 5] &= intensity+ slit width
o] whel A ko] ARz samples) ¥Fio) flame FofjA

GasAe] moleculee=r1#4: atome=—ion3} 5 atom

9 HAAolA BPo] ojr Fog J)SErld aEA Age] A =d £F AAH9 OH
CO, CO,, CH, C,, H,O =9 24} spectras] <& back ground radiationo] HEfE] 4 ¢ &
T %A A

2—4 Continuous radiation

v} = exciteds 49 line spectrait band spectere]4] <&t continuous back groundzt
WA, 249 % spectrat systeme] initial energy leveloe]i} final energy leveloA]
BEFA &2 AF % energyd: #i Y& Adlo]A] electronic transitiong 3] # ol A
71tk =3 o] €% spectrat positive jono| free electronst AA G 24 eld +5 Q.

Sodium$ |2 5

Na*+4e =Na'+hv

= 2A9 4 BT AdoA 2T 42 ARAoE $As A transition
£ A%EE A7 oJHde FHAAE 4% spectrume] % B7 F gom
o B ZA% g oS 238k 28 22 back ground® &9 FAH}h Sodium-2 360~602mu
Aolol AAA A4 spectrumg VE I et

Solla] wat wks}h o] 2 P2EL BE FoA 2 Aol EASE AHd wEkA o7
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Flame photometry of 9% alkali Efg] $\o14 interference S| Wiy Hfepart 1) 7

A 9] spectrum line2 2 velg & glA D} wheby Alkali 453 2 2¥L o 259 2%
2 M9 lines}t 4 kgt BREES] A< spectrume WA o}t Alkali &89 S 4A excite
s} ¢ 9 & glem F 929 A% A deEke A€ A% 2e excite leveld A
ground state® transition® = Aojt},
o} 8] AL Lithium red line 670. 8mg
Sodium yellow doublét 589 = 589, 6mpy
Potassium red doublet 766 3 769my
Rubidium doublet (near u ) 780 & 795mgu
TkE A AL YA FS tEe AAEd o]E& P leveldlA ground stateE
transition® o} Vel Molch, &
Lithium line 322my
Sodiﬁm doublet 330mg
Potassium doublet 404. 4mu
Rubidium doublet 420.2 2 421, 6my
ZF vehtA s o o 23 Ax oS o3 lineo] fled ol& B FL exicited state
of4] transitiond = veldrh. ol typed] excitation® EF oA dold FEE AAY &
£ £9 alkali %9 327 & e F2A05} o] typed] A3 A< lined 610mge] lithium
line=} 818/819my] sodium doublet 2.2 7 696mpo] potassium lineE-ol grh. o] EL ddf =
spectral interference® 7 & x v} ol lined flamed L= & A EE gAAZ + .

ol % 59l illuminating gas-air®] £%¥o] fe}w 717 22 excited states]r ground state
T transitions}A] & 4 g}

B. Interference

1. Spectroscopic interference (Direct interference)

o] ¥ Fo] 43l interference I Q. 3l radiant energyE filterE A&-3te] 221 )
Jebrt= A Lol |24 CaOHe orange bandr} 589mue] sodium lineo] interferesdts =
2L AL w3k Absorption filterE AT # zh4e] SATA Loivir] HAFo] A2 By
© 2 calcium® EAE A A& Fook g} u]E filtertd monochrometer® .44 4-sodium line
o 2a)3) WA % calcium bands} 589mpys] overlapping 317 =&l AL wd ZuEe
qo] ofvjch. Spectral interference: ffijefl 4] 28k A o] overlappingdte ¥ HAetA Y A
$ lined] 1S Y& g4Ee] £4 8 A sampled] 39 & ehA fo
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8  AdE AEAE

B
) % FEOE
3 2 450 o)
i % 450~500
EX =3 “500~570
= - 570~590
F z 590~610
s % 610 ol 4

The wave length, excitation energies, ionization energies and emission sensitivities of the
alkali metals

element wave length ioniza}tion excitation emission sensitivity
my potential ev | energy ev ppm per %T
53.7
670.8 | e 1.85 0. 067
lithium 610.4 | e 3.87 4.4
460.3 | e 4.52 12,5
323.3 | e 3.83 46
5.12
. 589, 0/0. 6 2.09 0. 001
sodium 330. 2 3.72 12.5
818/819 3.61 1, 500
4.32
766,769 1.60 0.2
potassium 404.4 3.05 1.7
694 3.40
4.16
780 1.58 0.6
rubidium 795 , 1.55 0.7
420.2 2.94 4.1
421.6 2.93 15
3.87 ’
852 1.45 0.5
cesium 894 ‘ 1.38 0.5
455 | 2.71 2.0
459 : 2. 69 8.0
388 | 3.20 65

% Sensitivity B2 Beckman model DU flame spectrophotometere] 3% A
Slit width 0. 05mm

o]zl g Aol oI FAY lineo) ¥4 m& HAHLE AA7] #Fel = overlapping



Flame photometry o ] & alkali E& o] 2l o}Al interference o] BEZlY EEE (part-1) 9

S
2|
=]

widthg AF8-3Fx] ¢ow] 403.3mpe] mangan linesdt 3+

91¥ At} Mne emission intensity+ potassium®.t} A3

3 27) WEe] %7ke] Mno] EAt® 4335 Be B

potassiume.2 &A=}, =3 direct interferences %

%2 OH, CH, C, 59 molecular band =& & EAo] .

molecular band”} &4 3%} 3= linedt Zo] velgd wave length, me

ool e}, 0,06 mm 0.01mm ° slit width
.2} molecular band system¥ continuas green¥ red¥ $]o] B E 1ieldch dulE o

2 =3} A direct spectral interferenced slit width® A}8-3}#= monochrometerg ©]§-3}v

AKX Bk slit-widthg =4 spofof 3}

1053 1\ fa0s.4 4031.13

404. 4

Emission Intensity

2. Flame back ground emission
©.2]7} 243 emission intensity= -4 back ground emission intensity7}x] 3= o]

5 & Aoly] @l Fe] back grounds] WE &utE BAE A dowd AFH errorg A
slch. = back ground®] fluctuations] <& errore] fqle] H i & FE9] alkali S A&
error7t =4 #t}. Back ground emissions] =13t 2.4 -2 back ground®] 4+ =} flame photo-
metero] wheha =ebzich

CO$t O,9ke] ]38k continua® back grounds} el wWii= water = blank solutione]
23} emissione =R 3}e] sample emission &4 X ojA Z&FH =Hrh =& watert blank
solution®] emission zeroz ¢low sl EAI EAo] x3= YA back groundE F
A&t zA &= monochrometerd A28 7] F24] band slitd F3 7HAx FAE 5 I

2.4 lines} back ground®] intensity % lined] peakx =3 band system®] §7|A A FA3t

2 t}&o] wave length diale emissiono] Z+&3te] HAXN7 HFEE AA F = 2 F
8 2A4AR T+ 278 back ground emissiong A& F glth Line =+ band system$]
. N (%T)

FEoA o] WEMEI e 2 FAE WEYE A

>’100~ W OH bands
o} B W WA E Fafok Ak =

7 80 |-

Absorption filtert} band width7t 4= mg o} A5 2 ol CH bands C, bands

L 2 o)l&dl:= A= flame + OH.
L= monochrometer'a 143l T EA a § a0 bands OH bands
back ground& FAA A Y 4 gloerz ofdlEs F ¢ 2

5
A& elementd] calibration curve® =z#A olF 0 ; . o -

280 300 350 400 500 600700
o <% intensitys] §& 7d & 2AAL P wave length, mu
Flame background spectrum

S A of & Aolrh (acetylene-oxygen flame) »
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3. Self-absorption

Radiant energys} €% £ 0232 ¥ 323+ %9 ground energy leveld] A%l atome] o] ¢ &
E¥o2H energy® F4%th old B2 spectrum lined] strength s A At ol g
70| self absorptiong test elementd] £xo] o #& FA =}

70
} —
. 1 ‘;‘ L
> 50 QQQ »°
g Q/ o QQQ Qz
S A D O
£ 10 oL = S0
g 30 o0 o
7 ¢/7®Q B
E 20 . \Q A9°
10 =
0 1 2 3 4 5 6 7 8 9 10
Concentration of sodium
Emission intensity of sodium at 589 mp
(acetylene-oxygen flame)
2 919} grapho] A curve 1& 1 ppm sodium-$ emission scale 70¢] 23 Aolm A A H o]t}

curve 2 10ppmE 706 2+& Zoln A MG Ho Fx & oo calibration curves} g
34 =tk 100 ppm ©] 29 curver EZEAS 2o 5 intensity® Fx9 FulZe ul=de
Beo Fr}, Self-absorption-& aﬂﬂyi ground stated] ZA 3} atome] 4, ttLo 7 ©o]E atom
o] 7+e. ¥79] excited atomo] WE-L radiation energyE F48|A] excitesE F-Fo O
A AAR

S99 L2} o}F g A Lo radiation energyE F538l9] excite @ atom¢] v} H 7
J ol self-absorption® FAE 4 A& AEwe] Aok gtob AA o= intensityr ¥
d 99 Tl ¥AsA vk Self-absorptione] ol® FEolAFE golhr] AFstest
= GA gobd 4= 9ok & :x 9 emission intensity®] @A E logarithum scalez plot s
self-absorptiong ey Fr},

< graphel] Bl uks} o] sodium ¥ % 2ppm7Ax] & curver AL AAolzm 7| &7 7} 19]
® FX 10ppm ©] 49 curveo]A thA] F4 oz 5o} 7] &7 0.5¢ strtgA et 2
L A 24 @G 5 self absorptione =z AEE 2 gt
" Self-absorption2 ground stateo] A AW A excited level2 excited & o] 4] emissiond} = linye
o dAHE ATl Y& ol FF 24} energyd F5Y atom(F -2 energy i ground
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Flame photometry o] 2] alkali E&Eo] 1ol A interference o] Y %% (part ‘I) 1
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energy statee] F#E}E)EL Rd 250 ¥ TAI] #HEelth
4. IonZle} cation enhancement

Jonsle] EAlE 2,500~3,300°Ke] =& exzdA BZ &9 gasyl iondlsle] electron] <
YA 27122 Qo il 3] 229 alkali metald] vaporsl £ oA 1on§]r§}—:—i— 2
¢=A Ade)th AF atom Ar} iondlste] ko] A*S} free electron e % vjFow

A=A te”
HY A4 K4
[A*3e]
K==ty

7t B wd ionstel Fke]l 9 Aol [A*)<(A), (AJ=[(A)g= & F oh({{AJ: 74
% 49 &2 partial pressure® XA A).
o] FAE 99 Ao AYPey
(A )*=(e")’=K(A)= A9}
E [AJde |9 =4 w3tz loglA*) =& logle )& €99 % molarity] logzkel =
Sto] plotst®l 7]1-¢7] 0.59] EiS 94 A} v 7)€ 7} zerort e ionsteE @8 Aol
"t Saha® 2z B jondtx HEE g Aoz vebycth

0. 5050E, A*+ge
log K—.—TS—— = 1ogT—6. 50+1ogg—g%g—e—

E: : ionization potential ev
T : absolute temperature
g : statistical weight of the ionized atom
alkali metal o]A 0
alkali earthol] A 0,691
EE 9] &% 49 partial pressure® 10~® atom= 3o alkali metals} alkali earth®] ion

Precent ionization of alkali and alkaline earth metals in flame

element ionizatoin potential ev a" propane hydro,gllesrldg I)éygen acetylgngo&xggen
, 8
Li 5,37 <0 001 0.9 16.1
Na 5.12 5.0 26. 4
K 4,32 31.9 82,1
Rb 4,16 13 5 44.4 89.6
Ca 6.11 | <o 1.0 7.3

&/ atome) ionfeiRe] B WES o F& o} 2ot
— 80 —



Flame photometry o] <] 3t alkali &) QlojA interference &) ity ¥4%E (part 1) 13

Fraction of metal atom ionized

metal l potassium sodium l calcium
lonization
Dotor il oy 4.32 5.12 \ 6.11

patom | 10 107 10-¢ 10~ 10~ 0 | 1 10~
1,500°K 2.7x107% 2.7x107% 2.7x1074 1.2x10*7| 1.2x10"% 1.2x10~% 5.5x10~% 5.5x10°7
2,000°K 2.5x1074 2.5x1073 0.025 2,7x107% 2.7x1074 2.7x10°% 3.0%x107% 3.0x10*
2,500°K 4.7x107% 0.047 0.42 7x10-4 7x107% 0.07 1.4x107% 0.014
3,000°K 0.028 0.27 0.94 6.2x107% 0.062 0.53 0.019 0.19
3,500°K 0.11 0.75 0.99 0.031 0.30 0.95 0.12 0.77

3} percentaged o2 LA §] A S5t Al Fe F T A

o] tableeld iondtzE EEY £z Fxe wich Ilondlrt FMEA H4 H &
energy levelZ excited %A atomo] 7+&3}e] atomic lined intensityi 7Z&3HAl = i

Z ionic spectrum®] intensity: Zs}8+A A}l B2 &9 potassium £ self-absorption
o] o}F oFslA Yotz gl ot iondt EdE AAl Yot Potassiumd] FEE AXE St
AA F9 ionglz o|o wtel 7rasA == 34 potassium atom$] fractiond -8 Eo}A]
A "t

o]® Hk4] o & atomic lined] intensity: ©l-$ Zs1&+A "t Iondlrl &o0ld FE5& 234

o2 718 F2 calibration curve: Eio] Fx= A FL 2o Fr}. Iondlsl 7153 element
Ao Y F9 % gas So & free electrond] #¢to] F15HA S22 ojd A4
A2A* te 9} ol wbg9l FYL J¢A Ak F F4 atome] Yol F8ME HFLE
2 APHEz Aspge = potassium] &A A iondtrt sHEE A 29 elementd: ¥}
Ble] potassium] iondlE- oA sk atomic lined] intensitingg iondtz £45 o] glo] 2473
A-e 4 9lth. wekA calibration curvel: 9] 9.EoA Aoz FHr},

o] 8+ 72 enhancementl 729 oA o}F 7}ahA Lok potassium #o] ion3} 7}
%3 element®] atom 789 BZE %A A9 iondl Hr] HFolth FL o] FE ¥ LE
$EoAE atome] ions}s] & fractiong Asl FAF FEels] Aol enhancementi ok
4 %3Al vebdel. Enhancementd] #Re 2L % %‘—oﬂ/ﬂ g 2t= total consumption

atomizer® A}&3 wWly} discharge =% reflux typed] atomizerg& Ar&% wirnch FA def

fe o

i

Lo

2 §191-& total consumption atomizer: B o] QAT E T gol w8y W]
BE LEE RHe] I EI} 27 W EelTh |

%ol A 279 enhancenentizE HAED SAFEe] wdeA gz dAEE 7
= A -2 atomic intensity 7} sharpdlA] Z715 a9 oS¢ o] F74AA F¢ = enhancement
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14 Ad= 4zd¢

E 9ASA ALt old AL o] &3k $-2 7} potassiumE 53 F # sampleo] EA St
interference?] x5 & R 2ol olg 59 interferencesr} A=A =& o 47 ion3}
8l element (o] element: direct spectral interfer& 38}x] @opof dtch) & B2 & sampledt
standardel %47 9ol 7ol & A%E 9& 4 9k o197 stel AL samples] EAUL 4
Al ionslsl= elementd] 9GS F4A£Z 9 4 Utk ol8] AL radiation bubberz}z gt}

C. Influence of anions

1. Anions®] o dk-& alkal i2<%o] kL FASIERE FAstE o T3 v 5FdE Bo Frh
chlorinee E83 3§52 B %o 715k sodium lined intensity+ vh& graphe} o] 4
o WA g,

#nsl 2 chlorineo] sodium 589~my lined] intensity Io]
12 & 9 & I=I,& chlorineg pnst=] ¢iok& = ol Z&
Uehi = Yel-g Bulewicz9 James 72 3 Sugden
S5 o] At £F FoA gasie] Na &3
Na 7k NaCl #2211} gk NaOHE £% o

2aAsy] WEd 2 325 FAZ & ok wEbA

o
o ox
o

rlo oft et

o

b
e

(Nag)=(Na)+(NaClJ------@D -
(Nao) : & &5 £99 Nad #gE

10%(clo}, (atm) ‘

s .Cl2 Nagt H]——é—zs]-cq 24 38 g o] Fo Na+HCI=NaCl+H--@
el B A4E Kot shel
(NaClJ (HY .
K="tNa3 cHCD @

eq. @% o] FHFol P& F gas ol Nad} ¥=eof wj3] Het HCIS gol 438l 7]
A gl ek eq. @ AFANR |

_K(Na) CHCJ . ..
Ca3 ®

eq. @ eq. D] HAAA As

— KHCD

28 3 %17‘2‘ &of HFor EAE Fa £A% Cle 23stE 24 J34
H,+Cl=HCI+H

(HC (H
(H.] (€D

o191 wkgel o8] HClY B¢ gEdez A%tk Hebd eq. © (HCD A4 el Cl
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Flame photometry o] 9%t alkali S8l 9014l interference o BRIy EZ (part ) - 15- :

g B(ClJz HXAIH

WNag=Na)(1+-E5el ) ®

YdulA 2 = emission intensity:

N; _No P; -7 g BT el @

9 4 AAE Ak Z Fol3 emission lines] A A7E o excited energy levelo] &
atom&] # N,;+= ground energy level zeros] ¢l atome] 8 Noof #ldsle] 2EY &x T9f
A4 = A o] vl#Ast excitation energy Ejo] tisled A& A o] dbulal@eh. o AeA &
= Boltzeman A}4=o]t},

= P& 7 energy level o atome] EA4F Fgolct. ol@ ZAA AAH @A Nooll &
e Nag eq. ® oM =943t 2¢A 7= Nad) emission intensityE e}l 4 Aok =
°]

24 £ emission intensity reading® A Roldh £ 42 Fsid

1 Po__ eoer(y, KLClo
_R_.____P_j_ENaD] eEs <1+ EHJ ) ............ ®

ol g} o] Ao]A aniond] FE(Cl)7t S7g4E 713“01 %718}, & sodium lineg] emission
intensity9] JUEME Rel Zobx¢ & & Aok o] s} o] she] HClo] sampleg o] Z7hel bt
& &ol 2o Fsbeb emission intensity® Zadtel FAA = AARTG 2L e QA Heoh
2. Traces] £BAL £Zo 9475l o] B4 A E0] excitations & A5 BE Aod g
oA & Axz Yehdrl ol & go BE FoA ghx E3) st ok T40] 25| emission line
= Aol EXE gas?] LE7 FEA R A S FH5E0l F4 HAwEkx EeA HEE oS
7ol ojHE EAE HAPAIA =t
AX(S) A X (G)rvrerreermsevmneennns @
AX(G) Ag(G) +X°(G) ~eevrerenens @)
ol REENASH o] eq. @ o] Aol TAAA B Sg HFo] gas Fo® WHL Fal
A B3 olv] eq. DS o] gas B2 W AL A 4 942 FAHATY 2 FEE A8E
A Ak o1 P Aol dolvbAl Hol emission intensitys} 7H4H = A5 At mA )
Calcium -9 phosphates} £#3F< calcium®] emissiono] 7“5}7” A&z et Phosphates]
calcium emissiond] F+& Z-&L ¢ FAol gt wzH e Fxe phosphated]A &

calcium®] atomic ¥ <}2] band system®] emission intensity & 7+4:A) 7] =4 phosphates] %

% Foke] wlaldeh 2e oy R dhFod o] 38 o o4 ztadE Hol ofF ot
o FA9 Azold
o] turning point¥ phosphate$} calcium$] vl & P/Ca:—g%;q—?_i g8 dFAEZe
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16 Ad= 4=zA%

98 B3Pz 9Ed Cay(PO), FL Casz ;o B 4 9 u& = Ca (PO, A%
P/Ca=0.52, Ca,P,0;9 7% P/Ca=0.772 FAs= AF=E gt o] A%+ 53] acetylene-
oxygen ¥¥e|A 4% A9 2 Ao, = Alkemades] oj AFAel A X
gas 9] 33 A o] d}e] w2} phosphates] 9 Fo] YA gort Ca—O0—Pd AE& ¥
o] 9%k o o] viEbdelz 3ot

Ca—O—P J2-& aersol particle WelA 31Ao] 27l wl el olejqt 3¢ vebdirA 52
= olg FANA Z o] oxygen-acetylened 72 m o] BEo] 238 F&& AHe]r}. Calcium
emissiono] & phosphatee] o k-2 T3}y 9 &A= lanthanum =3 EDTAS] 73 alkali
S 9 A}& 34 gl 0 vk raw mixture £ cement =9 alkaliZR o] glolAE Zstrh. Alkali
earth metal emission®] intensity A 3ke] aluminume] =3 F &S T2 9o LAHAYSL 2
43l 9A aerosolzA & high anelting pointE Z+ Ca-Al-OZ Y Adr}= Aot

Aluminum €% 4] excess?] calcium2- 7}?‘;} A2 calciumd) emissiong ZrAEv o Ad gkl
calciumeo] 7481l &o Wated & G7rel o gure] gley aluminums] FEo] Hste & vHE
ste] aluminume] F7te] Wt & A 1} 2% vyt Calciume 357} 5¢ o S5
9] FAE A7) 9H AL aluminum FE7} Eolof gt} Phosphate aluminum®] &o] &3 722
d oz alkali earthe] emission intensity 2 A 34 7] % A o = silicate chromate iron sulfate
%ol itk

BE A5 9lolA o] % aniond] AA EAvt med BEUFE Fahe AL FAT A

i

) 2.4 Hoebelse] A 6] ol 6bed sulated] calciume] 938t o §& air-hydrogen %A 92%

<] emission intensity]  74% Fu} vk & &£Eql oxygen-hydrogen EE A& 30%9)
Fratre] B F2 g

\1

D. Sodium1} potassium EH0|| Ztst =2}

LY
1. sodium

1—1 spectrum

Sodium& =4 st=d dubd o7 ALL-¥ = emission line 589, 6my s}7+¢] Dlineo]™ o] &
A 32 flame photometers] A£5%= T E lineFolA 714 sensitivityz} Zvh. 330. 2mpe] A
doubletZ o}F ofaiA] Vel linex glon} o]l o} F R Fro] LAL LS & o] &d

Sodiume] emission line 5683} 818mudl 4= Ebdeh. o] lines2 53] ofd &% X
Ag o) 245 = 929 emission lineo] o] 5 & lineo] vEhbE spectrum®] 72 BRoA o}
Bl esl s F9) 8 A spectral interference® )& oF gtu}. Sodium-& 602mu~360mpyd] of 2=
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< spectrum$ Wl Sodiumé] emission sensitivity5-g A 39 =X o ZA3hgd).

1—2 Excitation condition

589mu] 14L& 71l sodiume] doubletis EFES FFol A3t glo] }EM}X 3t emissione]
ntensity = QA8 FF, A8} T7 (e 42)9 vEd I3 AT TS oA

1) Sodium-& coal gas-aire] 2Fe]|A 2} acetylen-aird] S&e]A 3~4ue] = FEE 717
o AdAez g 2x9 EEdA 717 HAE excilation conditiond 2=

1) Calciume] EAT = £ 29 E% & A&3l4d clcaiume] emissiono] Z7}3te] spe-
Citral interference® WA o}

T) maxium emissivity: & X0 23EH AGd AE: Fx JEhde] BlSo) L%
HFE22 SAA A gt A3 Z43stA "ot

2) Sodiume} emission molecular hydroxide] 84 2 ionization degrees] ] 3 (oxygen-
acetylene 2% A) EJHAA e

u) %7 &g o gk aceton, 2-butan, propancl-2 =2 = methanol- sodiumel emission
of &4 4¢& .

H) Self absorption----- hot flameg 1839 sodium 2ppm ©] A4 calibration curve:
self-absorptione] 7F38H#A] v}é}‘&\:}. Cool flamedf A & sodium 10ppm7+=] A< k 2 A o] a2 40ppm
ol A %8 sodium FE AFZo] v 3ot

1—3 Spectral interference

589mpe] sodium lined 74 slit-prism-& ] &3+ 77 & AL &3t &2 slit widths g2 <=
97l # & flameg] back ground emission®] ¥ 32 A A w3z sodium emissione] sensitivity
7+ FokA thE Y49 spectral interferencer A8 AAE 4 k. =1} ceriume] &Rk
= calcium®] oranged A rede] o] 2= molecular bane systeme] 3 2 603mpd] 3] )
W Fol o] back groundr} sodium line®] #s} Lo 473 & &g Zrf. =zzEa

T

cement?} 7o) calciumo] ®-e sampled] glol A& sampledt $-A8F standard S A L3x] ok
o filterd AMg-3te AL FA 33}, Direct spectral interference® cerium tantbanium,
stoontium ez ¥E 3 EF elementd anolecular band systemo =X e #A =t} Direct
spectral interference =3 £ 259 ¥¥Y A% calcium 586my lineo 2 2E 24 =z

2 A E X gt
1—4 Influence of diverse elements

©£ elementE24-H ofy| 5 & sodium®] emission intensity table(s~2) 3+ 7}, o o
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:P_“,

XX

oo

L 1—t— & elementE- sodium®] A& F/AAA Fcob. Sodium Ao $elA
calciumefe] HE w o)) £elo] standardg wHEC] AE3HA Ao & ol & FA dert
28 Y cements} = o] #HA# 9l £A silicarl Cadl emissionT A sl A4 o2 sodium
Z2A3AAd 4¥L Frh. alumina® o) & ¥)<d E}E 23 sodiums] G FE vl o, Calcium
9] emissiono] or3td # sodium®] FEE AFHLE olxA ek AR olF 2L spectral
interferenced] £3l= Aolwl. Errors] =7]E photo cell- & #&] & sodiume] o3 =A% &
ol wl & Zgid

w4l band width7} 0.5my o] 3t2bd sodiume] &FAX & silicags AAdA YrE = EF
9 LEE uEA gudE A FEF Ao|th EFEY L=t FE&FF silicazFE ] inter-
ferencer ¢ AAch =3 aluminume] EAFT W L& <o aluminum & A&
calibration curve® wWEo]ok T}, Aluminume] nitrate® 18,000ppm &A1& == alkali
€arth7} calcium-2 2, 000ppm, strontium- 10, 000ppm, barium- 5, 000ppm~7t=] S-¢18 < 9l
). =#} aluminume] ol® EEo] e m alkali earth element?] FoA FTZ W9l
A alkali earth 914 9] emissiong 83 4 A& sodiumse] @ & A A Ao

.

Table s-1 Specificity factors for sodium 589mpg line
specificity factors
elements
monochromators ' filter combinations

aluminum { ............ ‘ 2900¢-¢
barium - } >2500 | 710

11000 100%-4
calcium Séoc 360hd

600e-d

> 4000°
lithium > 1500¢ 870 3000fs¢
manga.nese ‘ ............ ! 92(Qe-<

o 27500 o . ‘

potassium 15000¢ 78002 : 30001

: Spectral band width 4.5mg

: lluminating-gas-air flame

: Acetylene-air flame

: Hydrogen-oxygen flame

: Scott interference filter AE5895
: Corning 3480 and 9780

: Corning 3480 and 9780 plus paird interference filter 5893
: E. E. L. Filter photo-meter

= S T < A YR © S
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Table s-2 Interference of diverse elements upon the emission intensity of sodium

Error (%)

J concentration ’ Change in emission intensity (%)
elements | i
| (Gpom) | 10ppm of Na | 100ppm of Na
. J 100 0 ‘
Aluminum | 800 6 -1
Barium f 1000 | +1 l
100 +2 +1
Calcium 1000 +1 +6
10000 0 eeeeeeees +11
. 100 | 0 ' 0
ron 1000 +7 | +2
100 -2 -3
Magnesium 500 -9 -1
1000 -15 -2
J 10000 | eeeeeeens —4
100 +2 +1
P . 500 0 +2
otassium 1000 +1 +3
10000 | eeeeennn +10
40 T
PO
| f
2 /] Cl
/ //1
A L 0]
v / A4
r” NO;
//\/ J A/ /r/ / 3
0 1 — B J
0. 001 ; 0.01 0.1 1.0 10.0

Concentration N

Sodium 10 ppmo] €A 4 LA acid & =249 aniono] sodium emission intensityo]
oA e 534

1—5 Influence of acids and their anions

EE AgEE Bl dd sl e error®) UubAQl A 2 99 graphe} i},
Anode®] o ¥-& total consumption atomizerg o] &8 & 7] FojA B} Spra,y chamber& o]
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20 AWE gzAe

=4

2 AFAA B 27 dehdeh 227 sodumd FEA GE o ol G AA @
£}, Grapheld mel F%o qlatel ol 7% Ashz A4ke o

h=4

o

kol 7}# A ). Brate,
molybdate z2] 7 oxalate?] anione 0.01~0.15M ¢] ¥ 5= sodium® emissiong oF 20%
2 3 carbonate$} bicarbonated] anion-e sodiume] % #¢ 500~1,200ppmeiA 2~3% A=
E xAA s "WAAA FEoh 0.1N9 citric acide} 0. 01N9] latic acide total consumption
atomizer® A4 A9 errorE A ¥ ez gEth acetic acidE A2 A $+= positive

errorg &r}.
2. Potassium
2—1 Spectrum

Potassium®] emission line% 7} 73k line2 spectrum®] red 9o velhv}eE 766mpsh
769mu9] resonance doubleto]t}. o} line spectral band width® 0.5my ©] 82 3t A&
4 9ot 1 BA A gom o 76Tmpd] BAez YA Bk Lo 2 A lined
violet ¥-2of Y}eEl} 404 dmpe] v] 225 doubleto] v}, o] 49 sensitivity = FjHES Tlo’ 3

o]t} Potassium-e 570mpe] A 340mpe] o] 2= 14 spectrum$ o] T&o).
2—2 Excitation conditions

767my lineo] =3} calibration curve® ionization3} self-absorptione] —#H &7} Hoj Ao}
potassium®] ¥ =7} @& wl& self absorptiono] ¢FahA] o] vi=] jonization effect= =Zch
7 229 flameo]A 28z E oA = ionizatione] & #FAAL Folok ). Calibration
curve 8] AL RIRo Axxow 9 oEo 7 et} Flame ¢ potassium atom® FEZ7f
Z7}8lw ionization degreer F-A=5 i atomic lined] intensity: Z7t=lth. ol F L k%o
2= self absorptions] 98] curvels HE & s FolAoh

Sodium-& 7}8}% calibration curve®] A -S-%F#98 2E5g Aol A= +=v potassium]
ionizatione] sodiumel] 93] L7 =W Folrt. Rubidiums} cesium-& = A4lo] 4 A ion3f
7] W o] o] =L sta] 9 potassiume] calibration curves 2 do] ® 4 ¢}, Potassium
€ A iondlste] =L energy levelE transitionstr] #¢ 2% L w7t EAY dAYG AL

ke Axe intensityE WA= ot

N

2—3 Spectral interferences

766mp 2 769mpe] potassium doublet:= spectral band width® %34 e 3§ 700m g}
rubidiumefl 28 43 7b4] & A H o} Filter® 24 A redd] doubletE 238 4 4 9o}
-~ 88 —
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Specificity factor for the potassium line at 767mp

J Specificity factors

clements | Monochromator
Schott-RG8* glass filter corning 2600 glass filter 8-20my band width
earium 37 e > 250
calmum 650 9000 >10000
lithium 2600 9000 > 1800
sodium 1300 9000 18000

* aluminum, cadmium, magnesium2 %3 2.
930mpe] H,O molecules] o3 band spectrum-& back ground® o &g & o] & AA 3
Agke] £ filterE A3 @k, = 589mpue] sodium linee 31477 984 didymi-

um filterE A&7z g
2—4 Influence of diverse elements

£ elementE-¢] 93 potassium®) emission intensityd) W3le o8- 2ok (L9 =3).

Table 1, Influence of diverse elements upon potassium
concent- Change in emission intensity (%)
elements ration potassium
(ppm) 10ppm J 50ppm | 100ppm
aluminum 100 0 0 -2
1000 | e —10 —-12
barium 100 —4 l 0 0
1000 | eeeeeeees L e +4
100 0 0 0
200 0 -3 -6
calcium . . 500 -1 -5 -9
1000 -2 -5 —~10
4000 -6 R
iron 100 0 0 0
1000 -9 b e ~13
100 0 0 -1
magnesium 500 -2 -1 -1
1000 —4 —6
5000 | e —4 —10

Potassium- exess9] sodium, cesium == rubidiume] 94 emissiono] Z7}atEs] o] & o]

' & alkali YA-F0) 5% A ionslste] B4 A7) electrono] potassiume) ionizationg o

3,

8l7] @ Fol ot Sodiume] potassiume] =2 & 9 F2 (=E-2)e] BAc}. Sodium, rubidium,
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Table 2 Effect of sodium in emission intensity of potassium

\

Change in emission intensity, % upon addition of Na

Sodium ppm ‘ \ 1
20 100 500 | 1000 f 2000 | 5000
Potassium ppm [ \ i
5 +17 456 | eeeneiees +92 +96 +97
10 +13 +31 +48 TR S I +78
40 +1 + 7 +14 +21 +26 +25
100 0 +1 +1 + 2 + 2 +1

% Acetylene-air flamedl 4]

=

cesium 5 iondl7} 4] 3} elementr} EX)F W= BL9

intensitye] Z71&= o€ =),

257 2o£% potassium®] emission

Lithium& flame <o}A] ionization3}=] 7] w0 ¥ &7} 9tk Sodiume F& 4%

= %

o

G

2—5 Influence of acids and their anions

BE AL £ acide] 98 F2H = errorsy YubHql A
Interfere®] A &3} 7 z7] & potassiume] 559} flame &-=942] 4 Ao 3t

Influence of acids upon the potassium emission

% graphold 2ej Zoh

4k, &

80
L
601
HCIL, H,S0,
// .
~ - 7 ,/ o
R 7 /
E 0 / s
5 / s
g L— /‘/‘// H3P04 // }{250‘
£ , - /
ol | / y; Ve HNO,
Z 120 // P _ HcL
. -~ /
- _ /\:;‘50\ e — — P -
- ~ —
0 L = 1 ool L L LH S RREEE
0..001 0.01 0.1 1.0 10.0

Acid Concentration M
Acetylene-air «flame 5ppm Pot: sium

Propane-air flame

-—— - o

30 ppm Potassium

Propane-air flame 80ppm Potassium
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Ak, dako] errore] & Q&S Fa Aol st 2 oL 2}, Phosphates} sulfate iong
A7 8t#wd anion exchanger® 4 of g c}l. Borate, molybdate, oxalate ionE-2 potassiume]
intensity & A 3A k3l A 71}, Bicarbonate ione ¢F 6% 9] A3 A& HodFH (. IN9 citric

acid 0.01IN latic acid: errore] 9§ 3¢ Fx %=t}



