CHAPTER V Y

DISCUSSION AND CONCLUSION rtaun

When solubions of alkali metals are introduced
into the flame,ionization and compound formation are
likely to occur. From equation (23) and (27) the extent
40 which ionization and compound formation occurs depends
on the values of Kpand Ki(T) which in turn depends on the
jonization potential arnd heat of dissociation respectlively
of alkali metal compounds fTormed. Table III shows the
degree of ionization /whieh depends on the ionization
potential of alkali mebalsjthe order is C§> Rb>K >Na>Li.
The values are of suffiecienily low energy that at Tlame
temperatures a signiricant amount of the metal supplied
will be ionizad,lowering the coneentration of ground state
metal atoms in the flame. The percentage ionization will
be least for Li and greatest for Cs.

The ionization of alkali metal (M) in the flame is

represented by the Tollowing equation
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If another alikall metal (N) which has lover ionization

potential is introduced the partial pressure of the

electrons in the flame displaces the ionization equili =

brium and partial pressure of ‘ground state atoms of M

is increased, The displdecemsnt in equilibrium is

governed by the law 0f massiection, and can be repre =

sented as follows
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Ths concentration of M° is dependent partially
on theelectron concentration present. This electiron
concentration in turn deperids on +lhe ionization poten-
tial of alkali metals (M,N) useds In case when N has

much lower ionization potential than M, the electron

concentration is increased Lo a greater extent and
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hence will shift the equilibrium in favor of the atom
production of M.

Considering compound formation,when the chloride
salts of alkeli metals are introduced into the flame 1t
is possible that not only hydroxide and oxide thatl are
formed bubt also the chloride themselves,as is evident
from the Dg values for chlorides in Table II. In the
case of the chloride i1 ghould borne in mind that the
chloride concentration is probably of the same magnitude
as OH,H or O in the flame and that it is unlikely to
play a major part in compound formation,as HC1l and Clp
are relatively stable alternatives for Cl.

For alkali hydroxides the work of Sugden and his
collaborators (17)has showed that in fuel rich Hp + Np +
Op flames the alkali metals form hydroxides mainly

according to the equilibrium
M + Hg0 —= MOH + H
The value of equilibrium constant K are such that for

Li and Cs,and to a lesser extent Rb,Na and K,a consie

derable proportion of the added metal is present
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in the flams gases in the form of hydroxide. LiOH

has the highest dissociation energy and is by far

the most stable. Changes in [ﬁ} will effect the

production of LiOH and hence the atomic metal concen-
tration. 4Although radical populations may differ

somewhat the same processes are likely to occur in

Collz = air flames. —In-the case of Na, as well as hydroxide

‘ad

formation, there isAy¥dence of $he suneroxide forming
in fuel lean flameS. /McEwan and Phillins (18) observed
its presence by mears/ 0f emission| continuum when a sirong
solution of a Na salt I @&tomized into the flame which
was atiributed to\Naqg. This spegiral evidence has yet
to be identified ;positivelye” They pronosed that in
hydrogen rich flames, the concentration of atomic Na is
governed by the equilibrium

Na + Ho0 /= NaOH + H
In the presence of chlorine, the reaction

Na + HC1 /== NaCl + H

is also feasible. In the oxygen - rich Tlame, the reaction

Na + Og + M > NaOg + M



is expected. (where M is any third body). The dissocia-
tion energy Dﬁa-oz has been calculated ase5ej keal nel ~
at flame temperature ZOOOOK. In the system studied the
temperature is higher and Dg value is such that it is con-
sidered to be unstable in the flame. Hence the existence
of NaOg can be negligible .

For K and Rb hydroxides,values of Dg are very close
together and slightly greater than that of Na. This shows
that their stabilitylies somewhat mear that of Na but in
fuel lean flame McEwen and Phillips noted that there is
evidence for KOz and its stability is greater than that of
NaOg. Table II shows that the Dg for CsOH is second to
LiOH in magnitude ,CsOH should be formed in the flame in
significant amountss

Another factor which may govern there interferences
phenomena is the concentration of reactiwe flame species
which differs between flames. It can be seen roughly from
Table I that for fuel lean flame [pH])[C]t?[H] then
the formation of oxides is likely providing oxides are

stable at flame ltemperatures.
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Hydrides are not sufficiently stable to be considered.

In fuel rich flames [tOH] > [}{f > FO}J the order is
- d LY

reverseds As it has been mentioned previously, this

has to be considered together with the value of D° .

the dissociation energy of the compound.

From the result of Li it is seen that the effect
of increasing the absorption-due to tiie addition of
another alkall metals ¥g very small in magnitude compared
to the other systems/dtudisd. This is because Li itselfl
is less highly ionized in ihe Tleme and a large percentage
of the Li is present in the form of ground state atoms
already. Secondly, since the hydroxide ol Li is more
stable than any other the competition for OH from an
alternate hydroxide forming is small. Upon the addition
of another more readily ionizahle metal, although the
electron concentration is increased shifting the ioni-
zation reaction of Li in the direction of L1 atom
production, it will not influence the absorbance of Li
greatly as ionization is initially very small. After

this no matter how much the electron concentration is
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increased the apsorbance will level off as is indeed the
case for ithe results from both flame used. In tiie fuel
lean flame the order of magnitude of interfering atom
which increases ithe absorption is of the same order of
its ionization potential Rb > Cs > K > Na.

Since Li compounds|haye tilie highest dissociation
energies, comnetition Ffor OH-Ffrom other alkall mestals
with the possible exceéption of Cs would be insignificant.
In the case of Cs: fthe/Li ¢ labsorbance is slightly
smaller than that of Rb, although Cs is almosi completely
ionized in the flame.  &H gonsidering its hydroxide,
CsOH is more stable Than RbOH. This may be sufficient
to tie up the Cs.atom as CsOH and the free electron
contribution from Cs will be less hence ground state Li
atoms in th's case will be less than wiien Rb is added
as the Li will tend to ionize to a greater degrees

In the case of Na, the sffect 1s quite siraight
forwarde. The enhancing effect of K, Rb and Cs are in
the order of decreasing ionization potential and for

the fuel lsan Tlame the effect is less in magnitude
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than the fuel rich one. The exceptional case is that of
Li added, Na - absorbance is depressed, an explanation
of this effect is follows: Comparing Uthe Dg of tihe NaOH
to that of Li, it is very much smaller than that of Li
compound. The equilibrium involving the L1 compound
will be in favor of the compound Tormation and causes Ule
reduction in atomic Lie This™in turn will cause . the
decreases in electronCorcentration-and can be represented
by following equilibrium

Li + Hy0/x&E=p>  LiOH + H
LiOH is very stable hengée—the above equilibrium will
shiftdin favor of cempound formetion and Li atom
concentration is reduced. The equilibrium

Ciuraconexarn-Lnivi
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will readily shift RHS and cause the decrease in
electron concentration in the system. Na is more easily
ionized so that in order to maintain the steady state,
the ionization equilibrium of Na will shift in the
direction of ion producition resuliing in a decrease in

Na - absorption. Between difference flames the effect
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is also of different order. This can be considered in a
way that in fuel rich flame [H] is very mush larger than
in fuel lean flame. The equilibrium will shift to increase
the Li atom concentration considerably more than the fuel
lean flame. This makes the offect in fucl lean flame loss
in magnitude than in the fuel rich flame.

In the case of K-absorbance,the enhanging effect
due to the interfering atoms added is of the order Cs> Rb>
N€>Id.and,corresponds to thetrend in ionization potential,
Li shows the least” effect because of its highest ionization
pqtential which hardly causes an increase in eleciron concen-
tration in the system.  Another factor which make Li of the
loast effect is the higher stability of LiOH. When Na was
added up to 100 ppm the effect is suddenly less th™n that
of Li, This can be seen from Table III that in both flames
Na and Li ions are present in nearly equal concentrations
whichuimplies that both contribute edual concentrations of
electrons to the system. S© in this case the stability of

hydroxide has to be taken into consideration that is that
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LiOH is very stable caused a decreass in [QH] in the
flame. Hence the K atom is present in larger amounts
and causes the absorbance to increases somewhat. For
Cs, although its hydroxide is most stable next to that
of Li it has the lowest ionization potential so that
the electron supply to the flame is much greater than
that of other alkali metalse« Once the [e] in the flame
is high the equilibrium in sguation e~ + M o= M° will
shift in favor of the atom production. Because K atoms
in the ground state /are présenti in greater numbers the
absorbance is increased.

Consider the three species system of K-Cs with
the addition of La+ L& is one of the lanthanide series
which can form stable or refractory oxide compounds in
the flame. These oxides act as a third body in the flame

by these reactions
H+H+Laonx Hp +La0n
O+ 0 + L&On = 0 + L&On
0+H+L8.0n;_.—-: OH+LaOn

OH + H + LaOn === Hy0+ Laon
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This will result in the decrease of acltive species 1in
the flame hence the K-atom is even more released as a
ground state atom. Although K atoms arc increase by
the addition of more easily ionizable Cs atom, ¥l
presence of lanthanum oxide increases even more than ihe
absorbance of potassium.  This agreed with the resultl
that when concentiration of La+5 is increased five-Told
the absorhance is-ineréasedeven more.

Another posgiile mechanismiis that lantiianum oxide

N /7

may act something like ‘a radical scavenger. It takes
up the active flame shecies—t0 large exieni and causes
the reduction inlteoncentration of radicals in tihe system.
Again, the value of ionization potential ol La also can
be taken into consideration. It/ has a low value and
therefore La will ionize contributing [e] 4o the system.
By these means the K ionization equilibrium will shift
in the direction of the ground state atom increasing the
K-absorbance.This is a probable reason why the difference

in magnitude is observed in both flames.
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Discussion for anion effect

The effect of anions also was investigated but not
in a great detail. From figure (8)it is seen that in the
determination of Na at a very low concentration of O-1 ppm
the SO, and C1” salts do give the Aifferentin absorption.
Sdz gives a higher absorption: This is becauss of the
effect of SOZ in the flame. When Sdz solution was intro-
duced,it can dissoeidte into many species such as SOgp,
8¢ , S0 , Sp , HS/et¢s It is found that S0 also reacts(19)

with active species in the flame by these reactions.

H + S03 + M

—— HSO, + M
+ HSOe + M — Hg b 802 + M

HSOz it OH ———> Hzo + SOg

H. .+ S0g===== S0 + OH
H + 80 GELEEat S + OH
Hg + S = HS + H

Hg + HS _— st + H

HS + S e . + Sg
From these reactions the concentration of active atomic

flame species is reduced which subsequenly diminishes
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the formation of Na compounds. This results in the absor-
bance for the SOZ salt being greater than that of the CLl™
salt.

The case of NOz ang €1 for K atom,the explanation
of the phenomena is believed to be very much the same for

that of SO, . In general,any anion in the flams can cause

the variation of absorbance to a lesser or gesalter extent.

Conclusion

From this studyyit cen be- concluded that interelement
interferences betwesen-alkall msbels can influence the accu =
racy of an alkali metal aralysis if carc is not be taken in
the determinations. In most cases there is a maximum inter-
ference ,of a certain concentration of interfering atoms
added where the absorbance attains a maximum. With higher
concentration the effect will levsl off, In carrying out
an analytical analysis,the concentration of interfering atoms
should be above the amount where maximum absorbance is

obtained. Not only will the sensitivity bs improved,bul also
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an additional error in the absorbance value will be elimi-
nated.

In this work,ths discussion of the results is some-
what qualitative because of many problems encounterag.Ons
of the problems is that the concentration of active speciss
in the flames could not be calculated. A shielded or sepe-
rated flame was not availab¥e £or this work and tempsrature
measurements could not-be, dons as the neccessary equipment
wes not available.” Howgwer tempverature measurement in the
flame can be done r€ldbively easily by the method provided
by Winefordner (20 )4 Secondly the typs of burner used
produced an unshielded flame causirz the unknovm amount of
oxygen to enter the' flame-system by diffusion making it
impossible to obtain an accurate estimate of oxygen supplied
to the flame. Improving of ths flame can be done by using
the shielded burner or using inert gas as a shielding film
around the flame. By this process the oxygen intake in the
system can be controlled and providing the temperature is
known,concentrations of reactiwe species in flame can be cal-

culated.
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From this study,it is evident thet an alkali metal
has a significant effect on the behaviour of another
alkall metal in the flame. Care must be taken when per-

forming alkali metal analyses to determine what other
alkali metals are also present. A certain minimum con-
centration of the interfering metal should be maintained.

The addition of La to the alkali metal also increasecs

the absorbance quite considérably. It's mechanism is
difference from those of alkali metal in a way that La
formed stable compound/An the flame acting as a third
body and also as a padical/scavenger. It'S use in alkali
metal analyses bears further investigation.

There are other group of eclements such as alkaline

earths whose abserbances in flamesrare affected by the
bresence of otheri glements. Studies similar to the present

work could be carried out on many olLher systems,



Appendix I

Calculation of the fuel-oxidant ratio

Flame I,
CgHp flow rate = 1.50 l/m
air flow rate = 11.50 l/m
Oz in take, = 2.50 llm
Using PY = ZRT
P = 1l atm.
v T B 30 l/m
R = 82.0541510'5 l-atm deg"lmole-
T = 300°K
noz = 0,0934 mole
rxCzHg = 0,0609 mole
CoHgi0p= 111,53
Flame II
CgHg flow rate = 0.8 l/m
air flow rate - 11l.5 1/m
no, = 040934 mole
n = 00325 mole
CoHy

Colip % Op = 1% 2.87
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Appendix II

Calculation for the Standard Deviation

NaCl 1 ppm was used for each run

66

Reading % T X
no | 19% | R E FTAf BRI o | sbe. | a-3ex a°
1 | 63.5 | 64.5 | 63.5|63.0| 63,62 | 0.1965 | 0,0012 |0.000014
2 | 62.5 | 62.5 | 62,5 {62.0/62,37 | 0.2048 |-0.0071 |0.000050
3 1 62.5 | 62,5 |62.5]62.0| 62.37 | 0.204C |-0.0071 | 0.000050
4 | 62.5 | 62,5 [62.51635.0 | 62.62 | 0.2034 [-0.0057 |0.0000%2
5 | 63.5 | 62.5 | 6340/ 62.5{63.12 {.0.2000 }-0.0023 |0.000005
6 | 63.0 |63.0|63.0/|/63.5] 63,12 [ 0.2000 }-0.0023 | 0.000005
7 | 63.0 | 64.0 | 6470/ 63,04 63,50 | 0.1972 | 0.0005 |0.000002
8 65.0 | 6445 | 64.0.4 65,51 64,75 | 0.1837 {0.0090 | 0.000081
9 | 64.5 | 64,0 |64.01 64.0 64.12 {/041931 | 0.0046 |0.000021
10 | 64.5 {65.0 | 64.0| 64.5]| 64.25] 0.1921 |0.0056 |0.000021
11 | 64.0 | 63,0 | 63.5| 64.0| 63,87 | 0.1945 |0.0032 |0.000021
x=0,1977 4°=0.000299
Standard Deviationc§=:fJ%¥i
= e
N1l

= +4]0,000027

= + 0.005



	Chapter V Discussion and Conclusion
	Back
	Appendix


