MONTANA

STATE UNIVERSITY

Anion effects on magnesium flame emission
by Burton E Ginther

A THESIS Submitted to the Graduate Faculty in partial fulfillment of the requirements for the degree
of Master of Science in Chemistry

Montana State University
© Copyright by Burton E Ginther (1958)

Abstract:

A study of the comparative value of the various wave lengths for the measurement of magnesium
emission intensity in flame photometry shows that the emission to background ratio is highest at 371
mu. The anion present has a great influence on the emission intensity at all wave lengths; the effects are
more pronounced in the oxide band region (355 mu to 410 mu) than at the atomic line (285.2 mu). A
study of depression curves recorded at various wave lengths shows that the detail of depression is
similar at the principal wave lengths.

A new technique was developed for investigating the effects on emission intensity of adding varied
increments of an additive to a standard solution in flame photometry. A device was designed which
made possible an automatic and quantitive increase of an additive while holding the concentration of a
standard constant and delivering a representative sample of this solution to the aspirator of the flame
photometer burner. The emission intensity was continuously recorded, This technique simplifies and
appreciably, reduces the time required for an investigation.

An extensive investigation of anion effects on magnesium emission showed that they are more
complex than was formerly believed, possibly because of several contributing factors, A tentative
explanation is presented for some of the observed anomalies. It is felt that additional,information
regarding high temperature chemistry is necessary for a more adequate explanation.
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. I ABSTRACT

A study of the comparative value of the various wave lengths for the
measurement of magnesium emission intensity in flame photometry shows that
the emission to background ratio is highest at 371 mu. - The anion present
has a great influence on the emission intensity at<all wave lengths; the
effects are more pronounced in the oxide band region (355 mu to 410 ma)
than at the atomic line (285.2 mu). A study of depression curves recorded
at various wave lengths shows that the detail of depression is similar at
the principal wave lengths., '

A new technique was developed for investigating the effects on emission
intensity of adding varied inerements of an additive to a standard solution
in flame photometry. A device was designed which made possible an automatie
and quantitive increase of an additive while holding the concentration of a
standard constant and delivering a representative sample of this solution to
the aspirator of the flame photometer burner., The emission intensity was
continuously recorded. This technique simplifies and apprecisbly reduces
the time required for an investigation. '

An extensive investigation of anion effects on magnesium emission
showed that they are more complex than was formerly believed, possibly be~
" cause of several contributing factors. A tentative explanation is present=-
ed for some of the observed anomalies. It is felt that additional inform-
ation regarding high temperature chemistry is necessary for a more adequate
explanation. o .
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A sirvey’ of ‘the literature shews 'bha'l; am.em effects were long cnre‘r~m

,1ooked as ‘interferences in i‘la.ma phe’c@metryo This evers:.gh'l; haS'led" to" the .

devel@pzﬁent of mqalyta.cal procedures @i‘ questimnable aecuraey f@r ealoium’ amct
magnesiumg.- fThese two eleménts’ g:.ve-mgdera'tse emssion ‘when' excited' in'the |
éﬁjgen'—ihydf&agén ‘flame ) Informaﬁmn now ava:.?.a.ble indicates tha:b ﬁhe emissi@n
:.mtensity W111 vary cens:.derably with the anmns presenb in’ aqueous deﬂbi@ﬂSd
‘I'hree 1ndependently ccnducted mveétigatmns of amem effec'bs em ca1=—

clum ‘emission’ 1ntensity were recently reported (2 73 11)@ Amen effeets*

_were s’c.udn.ed by’ addlng 1ncremenfss @f varmus aﬁ:l.ons, as’ ac:.ds, {ao g ‘geriss of

ealc:r.um chlor:.de s-bandards and na’c.lng the change im emiss:_en inbensity when :

the resulﬁing smluﬁlons were asplrated 1nt.o the flame of a flame phetome'ber@

l

Since 1ncrements of hydrochlﬁrm acid pmduced ne) change 1n emssien mtenw

._r
i 4

s:n.tyg Jahe: hydmgem ion’ was oons:.dered to have no effect mn emn.ssmn imten-

s::byﬁf Gharac'berlstic curves taken i‘rom data of Ba.ker and Jchnson_(?) “":'ssh@wn

in fn.gure 1‘, shows the effec'hs @:E' phespha‘be ¥ sulfate, perchiora'be, an | "";;hlg@
r:Lde wns on the emmssmn mﬁens::by @f ea‘lc:.um, The marked depressing '
effec'b of phesphate was n@ted in all 'hhree :anes{;lgatmnss this was apparu
en‘bly cme ‘of the d@mmamt am.mm effec'bs because the depress:.ng effect per-'

sisted in the presenee 6% obhed anmnsa. As a means’ ef avo:l.dlng errers due

to phespha‘he 1n’cerference in thHe' flamé phet@me‘oric de’oermnata.en ef eale:.um,

‘.it was" suggested ’ohab phospha‘be ions be added 'h@ bobh standafds and unkne)wns

in suffmient quantlty 6’ depress the em:.ssion intens:.‘by to & m.’uze:umm0

An inveétiga’own ef anion’ efi‘ects on magnesium i‘lame emmss:.@n mtenswy .

was’ earrled @ut by ﬁ.nderson (3.)& The an:mn effeebs weie’ s*buda.ed by adding

ca

L0
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increments of the corrésponding acids to magnesium chioriée standards pre-
pared by reacting magnesium ribben with hydrochleric acid, Figire Bé'a"par&.
tial-repfmduction of a graph presented by’Anderson, shows the effects on
emissien intensity of the various concentraticns of phosphorie, sulfuric;
hydrochloric, and perchloric acids in'@io@h U magnésium chleride;

A comparison of figurés 1 and 2 indicates that'the anion effeects on
mééneéium'emission‘intensiﬁy are very similar t& their effeects on ecdleium’
emission inﬁéﬁsity;* In botﬁ instances it was cbserved that the presence
of phosphoriec acid eansed a mafke&Fdeéreaer sulfﬁfic acid’ cansed a mod="
erate’ deoréase s hydrochloric a¢id caiised little or mo change, amd perchleiie
acid caused a modérate increase in the emission intenéifyﬁ

Magnésium emission intensity has been read at several'wQVe'léngthé with
little or no reason giﬁém for the seleetién; Some "of the‘wévé'léngths that
have been used are’ 285.2 m (S, 6, 8, 10), 371 mi (1, 10) 383 mu (9), and’
385 mﬂ'(é)é One mention (8) ﬁés'made of gvoiding'intérféreﬁcé of iren by
use of 28502'mﬁ rather than 371 or 383 mu.

The present investigation was undertaken to compare the.uéefulmeés of
the various veye lengths in use; to deternine’if anion effects sre thé sane
at'all’usgful ﬁévé;lgmgthss amd:hé'sﬁudy méfe'e%itiealiy the phéspﬁate and "
sulfate ion effebfé“@ﬁ“mégneSium emiésien‘iﬁﬁensity‘méasmfémentsi A bétter
ﬁﬁderstandimg of theSeTfacteré‘iS“gf eonsiderable iﬁpértance in flame phote=

metric determinations of mdgnesiuiny
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ACIDS ADDED TO CALCIUM CHIjQRIDT?:

0. 00l 0.002 0.003
MOIAR CONCENTRATION OF ACID

data of Baker and Johnson (2)
Figure |1

ACIDS ADDED TO MAGNESIUM CHLORIDE
HCIO

0.002 07010
MOLAR CONCENTRATION OF ACID
data of Anderson (I)

Figure 2
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IIT EXPERIMENTAL

A Beckman model BY spectrophetometer with' a model 5200 flame attach-
ment and a photemulbtiplier unit was the basie instrumsnt used in the inw.
vestigation. A nﬁmber’h@EO'@xygen@hydrogen burner was used for exeifation,
Additional equipment used in the infestigation was a 'épeetral sean and: ré-
¢ording attashinént for the spectrophotémeter.: In conjunctiom with this a
1/3 second full=scale=travel; 0 to 10 millivelt Brown recorder was useds A
tap key was placed in the recording circult so the' char eould’ be marked: by

shorting the eircuit, In addition to this commereially available equipment

an autematic’'mixing device and buinér feed waé designed and built for use im’

the investigatiom, Detailed description of this equipment will appear: laber

in this sectionm)

Standard solutions used-in the 1nvestigatlon were prepared freom anal~

ytical grade. feagembs and distilled "waters- Solutlons,’w1th the exception of

‘magnesium st@ck SQluthﬂSg were stored in pyreﬁ'glass‘stopperéd-vminmetrie
flaskss
_Fo@f'magnesium‘sback sélﬁtioms were prepared: as followss Magnesidm“mié

trata;'@h arlde, acetate, and sulfate salts wére w@lghed mut imbo separata

SOO ml velumeﬁrlc flasks in sufficient quantltles o’ make appraximately oné -

molar Solutlons of eachq Magnes1um cencentrat;on in these: solutions was
accurately déetermined by gfavimetric'pr@eeéﬁfégf The'magnesiuﬁ was precipi~
ﬁated'as maénésium ammonium phesﬁh&te amdfaftér"heéting teL1$0®® C for séve
eral hours it was weighed - as magnesium pyféphasphate, Deberminations were
ran iﬁ‘priplieate‘@n'eamh solution with the masimim deviation from averagé'

being 0;621%;- Pyréx-giéss storage containers were prépared by sealing




8 .
twelve inch' extensions on the necks of 250 ml filérénce flasks, After the

magnesium, solutions wete placed im the flasks; the bops were sealed with' a
glass blowing torch, To prepare shandard solutions; the seal was broken,
ah aliqueb waé'Qué;utitatively remmved‘by’pipettj.ng’ and the combainer was
résealeds The wofléiﬁ‘g"'st’andards we"ré made o Oe@h M concentration,

Approximately (DQOE M solutions of l‘IaHzPOh; KZHPOM (NH )H FELL
H3?@25§ Were prepaﬂre'd;‘ Afber the phbsp_hate" concentration wéS' détermined
colarj_metri‘caily;- the concentirationsof the solubions wepe adjusted to 0405
molar.i‘

Sélﬂtiomé of sulfuficy hydrechloric, nitrie;~gmétie%uagd pofhlotic
adxidé were prepared’ by dilutiﬁé'e@iﬁ&éntraﬁea a&idsi- These sélﬁtiéné' were
then standardized by titrating'wiﬁh a sbindard base and adjustiﬁg té the
desired 0. 05 1y comcenwa’bmﬂ@

S@lutmns of ®¢®5 ) NagSOh, X, Sﬂ N NaCZL, and KL were prepared by
dissolving the appropribte’ amounts of the salts in distilled whter and di-
Tuting to the mark in volwhetrie flasks.

Speetral seang of the flame emission; cbtaired while aspirating @éé@h
¥ solutions of each of the magnesium salts and distilled waber, provided’
informaticn about the relative vhluek of the various wave lengbhs used in'
magnesium determinationse Figure 3 shows & Set of scan$ where relative’
energy is pldtte&"_age}iﬁsﬁ wave leﬁé*blu'fér' the two rangss’ 280 mu to 290 dir’
and 350 m to hl@ mie’ Relative eméfé;s'r' is uséd .in lisu of & bebter term, -
Tt is o be understobd, however, that this is a measure ef emission intems’
sity. In preparing these scams the following pr‘o‘cedmre_waé useds (a) With

the instrument properly wared up, bhe "p]iiémmiiltipiz‘i.ér sensibivity was set
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to position li; s@ectr@ph@twmebgrvchéék sﬁitéh'set’to ,ig wave length set to
37% m@s the s1it width set to 07 mmg and the seammer set to record, (b)
The burner was 1it. The oxyzer tank pressure was seb ab 28 possie and the
instrument pressure was set abt 10 peseio The hydrogen bank pressure was‘
set at 10 pssiié and the ingstrument pressure was seb at 5 pasgi°: (¢) While
éspiraﬁing‘é 0,004 M magnesium nitrate solution) the dark curréent and 100%
adjust were set so a chart deflection of § units was obbained with bthe
shutter closed and a modérate deflecbion was cbbaindd with the shubber openi
(@) The wave length was adjusted to 110 mu, the scanner was turned on in
the dedreasing wave length position and the' recorder chart was similtani-
ousily turhed ons- (e) The seanner-and the recorder chart drive weré simude
taniously turned off when the 350 mi wave length was reached, (£) The
wave lengﬁh“wéﬁjadjﬁsted o 290 mﬁ"ané the scanner and bhe chart drive wérs
again’ turred oms’ (g) When the 280 mu wave Tength was reached the scanuer
and the éhafﬁ'dfifé jiere Harned off again, (h) The'shﬁttef'waé closed
and the dark current was adjﬁsiéd so bhe pén‘r@de on the chart base line,
The chart was mamually turned back to the éﬁarting position. The dark
current was then readjusted to give a chart deflection of 5 umits. (i) A
fresh solution was aspiratéd and seanned as before.. Steps (h) and (1) were
répeated for each of the @;Ooh M magneéium solutions and for distilled water.
| The magnesium spectral emission in the range 410 mu to 355 mu can prob—
. ablj be attributed to an oxide band with majoer band heads aﬁiapproximately
382 =385 mu and 371 mu; The sharp peak at 285,2 mu is attribuﬁed to an
atomic line by Manna et al (8); Spectrwgféphi@ data in the Hand Book of

Chemistry and Physies (L) lists a magnesium line at 2852,13 A and attributes




it te the neutral magnesium atom;

When one takes the reiative energy reading’@f water (figare 3) és‘baéké
ground and uses as emission only that relative energy above bhis lévei to
caléulate an emissionﬁt©=background raties it becomes apparent that the
max1mum value fer this ratlo will be @btalned if the caleulation is made at
3(1 mu¢ The difference in relatlve energy'readlmgss ab the varieus wave
lengths for the several magnesium solutions, would appear te be'due to the -
anion preseﬁﬁ sinee the solﬁtidns were of edual concentration, It also
appeared as shown in figure 3, that the anion effect was more prmnounced
in the @dee band than at the atomic~line wave 1ength°

‘Since the anion effeet appeared most pronounced amd the emission~te—
baekground ratic highest at the exide band'heads; thé corresp@nding wave
lengths seemed best for the investigatiwno The flame emission speetrum of
each of the prepwsed additives was obbained over the reglon 350 mu to th
1Y @mly slight relatlve energy'was detected when all solutions except
those of sodium and p@%assium salts were aspirated into the fj.ameo A1l
sodium and potassium salt solutions gave substantial relabive eﬁérgy read—
ings with the intensity increasing at the higher wave iéhgthso For reasons
- discuszed previouély and teo minimize sedium and,potaséium interference, the ‘
371 mu wave lemgth was seleeted for the imvestigatién:

The effseht on emigsion inteméity of indfeasing concentration of phog~
phoric and sulfurie aeids‘in each Qf the magnesium standards was first
studied by the conventional mebhod; In this' procedure, 5 ml of a 0,0l M |
magﬁesium standard solution was pipetted into each of a series of 50 ui

velumetric flaskss progressively larger inerements of a standard acid
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golution were added to each successive flask, The solutions were then di-—
luted to the mark with distilled water and mixed well, The concentration
of magnesium in the seluticns were 9,004 M and the concentrabion of acid
varied from O te 0,016 molar, The relative emergy was then measured with
the flame phgt@meter at a wave length sebting of 371 mu. The instrunent
was set to give a reading of 80 on the transmittance scales when a 0,00l M
magnesium chleoride solutien was being aspirated and all other readings

were taken at the same settingse Figure 5 shows the effect of imcreag—

ing cencentration of phosphoriec acid in 0,00l M magnesium mitrate, chlo-
ride, acetate, and sulfate solutions, These curves aré the resuli‘ef
repeated checks with very small concentration changes @fiﬁhe addiiiﬁe from
one golution of a series te the next, The first data takén when phospharic
acid was added to magnesium chloride gave peints significamtly off of a
curve with a gingle inflection peimbt such as the one shown for a siﬁilar
addition by Andersen (1), When smaller in@remenﬁs of phospheric acid

were used, the area of double inflection was discovered, It weuld appear
that Anderson -missed part of the detail in his investigatien by ebserving
an insuffieient number of peoimbs, The curves presented in figure 5, in
each instance, were prepared from readings taken on twe series of solutiens
nade from separateiy prepared magnesium stamdard selubions., The aceuracy of .
the.magnesium chleride and acetate cﬁrveé was further pfaved by.readingé
taken on a third series prepared with lithium chlefide added as an interngl
standard, Readings were taken on this series using the internal stamdard
technique to ebvidte such possible variables as flame fluctuatien, viaé@éity
'cl‘aaLl"ag,reas_9 and instrumental sensitiviby changes. All series ef @éta ebtained

for each system gave the same detail and correspending readings agreed to
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within 1 pereent of average, F@gure 6 shows the observed effests of incre-
ments of sulfuric aeid in the 0.00L M magnesium standards, The procedure
uséd in teking data for these curves was the same as fhat used in takiﬁg
data for eurves,in figure 5 except that‘the internal standard technique
wag not used for any of the readings,

The extreme irregularity in the various curves was interpreted to mean
that several facters rather than a single one were affeeting the emissien
intensity of magnesium,

It became apparent, at this peoint; that a more rapid technique for
making extensive additional examinations was virtually mandatery., The time
requirements to eritically carry out an extemsive investigation by conven=
tional procedure weuld have Béen prohibitive. By making the proper adapta=
tions it was felt that ﬁhe technique ef Bock and Nan-Sing Ling (3) of aute=
matically changing the cemposition of an eluent liquid in elution chromate-
graphy could be appiied in developing a rapid téchnique for investigations
in flame photemetry. The requirements of the propese@ techniqué were
these: (a) a methed of helding the éoncentration @f one compenent ef a
solution constant while varying the concentration of ansther component in
such a way that its coneenbration could be detefmiﬁed at any time, (b) a

method of centimuously delivering a representative sample of this selution

to the aspirator of the burner on the flame photometer, and (¢) 4 method of

eontinueusly regerding the relative emission intensity. The speetral
energy recording attachment provided a means of continuously recording the
emission intensity. The other twe requirements were satisfied by the burn-

er feed assembly shown in figure ke
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The burner feed assembly, which consists of (A) an additive reser—
voir, (B) a needle valve and float assembly; (C) a mixing chamber; (E) a
burner-feed=tube, and (G) an everflow drain, was specially designed and
built for the purpese, The additive reservoir was a 250 ml separatory
funnel. The nsedle valive and fleat assenbly was made by conﬁﬁrict;qg a
short section of 6 mm glass tubing and then grinding the bip of & slightly
drawn 3 mm glass rod into this censtriction teo make a groumd glass joint.
The other end of the rod was sealed to a thin walled glass bubble blewn
to fit loosely into the neck of the mixing chambers The mixing chanber
was made by sealing a short length of 6 mm glass tubing as a side~arm near
the bottom of a 250 ml erlenm.eyertflask° Mixing was provided by a magnetic
stirrer. The burner-feed-tube and overflew unit was made by éealing a
length of capillary tubing tp a éhort léngth of 10 mm tubing ghd then seal-
ing a length of 10 mm tubing near the open end of this as an overflew
drain, The tubing was then bent so that'it could be slipped over the as-—
pirater tube of the burner with both'the'capillary feed=tube and the over-
flew tube ex@ending thfough the sample=introduction-gpening of the burner
. housing door, The cuter end of the eapillary tube was connected to the
mixing chamber side—arm with a short length of rubber tubing. A pinch
clamp provided a convgnient means of regulating the flow of sclution
through the apparatus,

ﬂp@ratlonal procedure fer the automatLe teohnlque was as followss
(a)‘?h? mixing chamber was filled with a stgy@grq_golu?lon which was
allowed to fillland flush the burner feed assenbly. (b) The additive

reservelr was filled with 250 ml of a solﬁtien egual in standard cencen-
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0.004
* 0.004
m 0.004
X 0.004

H3PO4 ADDED TO Mg SALT SOLUTIONS

0.004 0006 0006 0010 ootz

MOLAR CONCENTRATION OF H,PO.
FI16 URE 5

0.004 M Mg (NO3)2
A 0004 M Mg CI2
= 0.004 M Mg(OAc)2
X 0.004 M MJ SO4

H2S04 ADDED TO Mg SALT SOLUTIONS

6803

MOLAR CDNC ENTRATION OF H3S04

FIOURE 6
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tration te the solution in the mixing chanmber and G;OI-M with respect to
the desired additive. , (c:) With the spectfophétometer warmed up, the slit
width was set at .07 mm, the wave length was set at 371 mu, ﬁhe phote=
mlbtiplier sensitivity was set to pesition L, the spectral energy record-.
ing attachment was set to record, and the recorder chart speed was set at
2 inchgs per minute, (d) The burner was 1lit and gas presgures were ad-
justedO. (e) the pinch clamp was removed teo allow standard seolution £@
flow through the burner feed assembly., The dark current: and 100% adjust
were set te give a chart deflection of 5 units with the shutter closed
and a suitable defleetien with the shutter opem. (f) The pinmeh clamp was
replaeed, ‘the mixing chanber was refilied with standard solutien, and the
stopecock on the additive reservoir was opened, (g) The magnetie stirrer
was started and set at pesition 3, (h) The pinch clamp was remeved, and
the time that the first additive emtered the mixing chamber was recorded
by tapping the sherting key. (i) The erlrance of the last of the additive
 into the mixing chamber was recorded by again ﬁapping the shorting kayo‘
(3) The instrument was shut down 15 seconds after the last of the addi-
tive entered the mixing chamber, TI_:le graph on the rec@rd'er chart gave a
plot of relative energy versus time, The time factor was converted te
ceneentration of additive by either a mathematicallcaleulation~er by a
compardtive methed,

The mathematical calculation was made relatively easy by,éssuming&
(A) the flow rate remains constant during addition, (B)ieémplete and
uniform mixing is ebtained in the mixing chamber, and (C) a repreéenta=

tive sample of the solution is delivered unchanged frem the chamber e




ol Ll A1 S | ) R} LLL KL

27
the aspirater, Experimental data showed that these a'ssumptiéms are, validfg
The ma’ohemétical calculation of concentration of additive at any time
was made by use of equatien J arrived at as followss:

de =R G, =R G 1
= .t I .=

x = number of moles of additive in the mixing chamber
b = time’ :Ln m:Lnutes

R = the fleow ra’oes exper:r_mentally found to be O @368 1, per mlnute

Cl == the conecentration of the selution entering the chamber (0,01 1)
‘ x

Cy = the concentration of the solutien leaving the chamber (:‘.E'g)

By substitution and rearrangemerit equation 1 becomes,

= 00368 (01 =x ) 2

R =

 er dx = o147 (.0025 = x ) 3
‘ db

° ° > b

separgtlng variables oo@gx = olh’? at Ly

and integrating = 1n (00025 - x) = ,11;? t = C 5

When t = 0y x =0 50 C = = In 0025 é

By substitution and rear:rangement
x = 00025 (2= e~ollT by 7

Tﬁe melar gon@en’sfation cénthen be obbained by dividing the value found
for x by 0025, the veolume @f .the mixing chamber,

The validity of eciuation I was checked as follewss With the mixing
charber full 'of distilled water and the reservoir full eof 0,01 u Mg012 s

the procedure given on page 17 was follewed, Data of this experiment
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is shown in figure 8., Points on this curve were compared to peints of
equal energy on the standard eurve iﬁ figure 7o The data of figure 7
was obbtained at the same instrument settings as were.used in ebtaining
the data shown in figure'8° Theoretical values; as caleulated with equa=
tion 7 above, and the observed values agreed to within one per cent. The
precision of the automatic technique was therefore considered comparable
to the mamial technique, The automatic technique haé the following ad=-
vantages: (a) continuous recording, (b) a need for only two solutionss
and (¢) a much more rapid method of taking data.

The automatie technique was then used for iﬁvestigatiﬁg the effects
@f anions on magnesium emissien intensity. All magnesium.solutians were
0s00L M, and 250 ml of a 0,01 M additive solution was used. The instru-
ment was set to give the féllawing chart deflectienss 5 units for dark
current and_85 units for the 0,00L M magnesium solutien, unless other-
wise stated. §

Pigures 9 = 12 show the effects on emission intensity of increasing
concentration of phospheric acid in each of the magnesium standards. It
will be noted that the results are essentially the same as those pre- |
gsented in figure 5, The graphs have increasing concentration plotted
from right to left making comparison slightly diffieult. The cencentra=
tion range of additive cevered in the instrumental plots was reduced ffom
that covered in the mamual plots so that rapid changes in emission inten-
sity, due fo slight changes in concentration of additive, could be de-

técted better., Instrument sensitivity was changed for each magnesium

standard so that the greatest change in relative energy could be observed,
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Phosphate was next added to each §f the magnesium standards as
three different salt 801utieps in an attempt to determine if hydregen
ion concentration was responéible for some of the dbéerved inflections.
Figures 13 ~ 16 show the effects on emission intensity of increasing
coneentration ef NaHéPOh in the magnesium étahdardso The effects en
enission intensity ef inereasing concentration of KéHPOh in the mag=
nesium standards is shown in figures 17 = 20, The marked inerease in
relative energy readings at the higher concentrations of sedium and
potassium salts is believed te be due to emission by these two elemehtsa

The effects on emission ihtemsity of increasing concentratien of
(NHh)H2POL in the magnesium standards are shown in figures 21 - 2ho, Tt
will be noted that these graphs aré identical te these shewn for in=-
creasing concentrations of phesphoric acid indicating that the ammonium
ion either has no effect er the same effect as the hydrogen ion.

As neted above, upen the addition of a salt the emission intensity
may be affected by both catipns and aniens, So=called “mef effect
curves® were therefore prepared in an attempt te eliminate the effect of
the added cation and to facilitate comparisdm of anien effectse In
phosphate systems the phosphprie acid curves were used as the standard of
comparison. In sulfate systems sulfuric acid curves were used as the
standard of comparison. '

The means of obtaining MNet Effect Gurvesﬁ will be iliustrated by
example (refer to figure 25).

{1) The 1ower-curvé labeled HéPOh shows the emission intensity recerded

as phosphoric acid concentration was increased in distilled waters
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(2) The lower curve labelea NaHzPOh shews the emission intens%ty recorded
as NaHéPOh coneentration was increased in distilled water.

(3) The upper curve labeled ﬁBPOh shows the emission imtensity recorded
as phospherie acid concentration was increased in 0s004 M Mg(NOB)2°

(L) The upper curve labeled NaHEPOh shows the emission intensity recorded
as NaH2POh cencentration was increased in 0,00l M Mg(N@3)2°

(5) The curve labeled Net was obtained by subtracting from (L) the values’

:i.\
of the difference of (1) and (2),

- s
ﬂNgt BEffect Cu?ves" for inereasing concentration of NaHéPGh, figures 25 =
28, and KéHPOh, figures 29 = 32 in the magnesium standafds are shown,

Net sulfate effec£ curves were prepared in a similar way, ®Net
Effect Cu?ves" for increasing concentration ef NaQSOh9 figures 33 = 36,
and KQSOh, figures 37 = h@ghin the magnesium standards are shown, Singe
the addition of sulfates to MgSOh'was fqund to preduce a marked inerease
in emission intensity it was necessary ﬁo lower the -starting point to a
chart deflection ef 7Q,units. This was dene by adjusting the dark cupe
rénts thus not affecting the sensitivity signifieantly.

A.brief study ef the effects of perchleric acid on magnesium
emissi@n intensity was made because of its extensive use im wet ashing
'biolegical samples, Figures 41 = )i show the effects of increasing con=
centration of perchleric acid in the magnesium étandards, Because of
expected enhancement of emission intensity by the perchl@ric acid, mag-
nesium.acetate and sulfate were beth run at the same instrument settings
as were used fer magnesium nitrate,

The effects on emissien intensity of increasing conecentration ef
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niﬁric acid in magnesiur nitrate, figure Li5; hydrothoric acid in mag-
nesium chleride, figure hé;'aeetic acid in magnesium acetate, figure
W73 and sulfuric.acid in magnesium sulfate, figure L8, are shown,

To show that anién effects are similar at all wave lengths two
representative graphs recorded at 285.2 mu are shown., The effects en
emission intensity of inereasing concentrations ef phoéph@ric.acid in
magnesium nitrate and acetate are shown in figures 19 and 50, It will
be noted that the same detail is shown in these as in similar systeus

recorded at 371 mu even though the effects are less marked.




23
IV DISCUSSION

A cemparisen of data presented by Anderson (1) and data of the
present investigation shows generally good agreement. A marked differf
ence in detail is observed when the graphs shawing the results of adding
phospheric and suljuric aeids to magnesium echloride are-compared; but
their magnesium to anien ratie- and their per cent depressioné are nearly
identical, Gomparisen of the data of the two investigations for the i
addition ef perchloric acid to magnesium chloeride appears to shew identi-
cal results over the region of common investigation, ‘A major point ef
disagreement 1s noted when the data for the addition of hydrechloriq
acid te magnesium chloride from the two investigations are compared,
Where Anderson's data show a slight inerease in magnesium émission
intensity as the hydrochloric acid conecenmbration increases, data takén
during the present investigation show a rapia moderate increase in
emission intensity followed by a constant emission level as the acid con-
centration increases.

A clése examination of Anderson's werk indicates that the‘curves
présented were drawn with eleven evenly spaced plotted points as guidese
| It was further noted that the curves do mot pass thrdugh all of the plet—
ted'pointso_ Close observation shows that the peints which do not fall
on the curves are in positions shown to exist in the present investiga-
tion. In the present ihvestigati@n seme areas of inflection reguired
ten times the points taken by‘Andersen_te clearly define the detail when
studied by the eenventional techmique, This would appear te explain

part of the differences in detail.-
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The difference ip results fer the additien ef hydrechleric acid was
disturping, not because the difference could not be explained but because
of the iﬁference drawn frem the results, The difference was quite prob=-
ably due to the difference in magnesium eHloride standards uséd in the
two investigations. . The standard wused by Anderson, prepared.as it was
by reacting magnesium ribbon with hydrochloric acid and then driving
off the exeess acid by evapofation, would appear te have had a greater

i

chance of being contaminated'than the one used in the present investi=
gation, One quite pessible centaminant would appear to have been hydro=
chlorie acid. Anderson had drawn the conelusien, from his results, that

the hydrogen ien had no significant effect on the emission imtensity of

magnesium, dJudging from infermatien presented in this investigation it

would appear that Andersem's conelusien could be questioned° In addition

to the effects noted when hydrechleric acid was -added to magne51um chleo-
ride, flgure h6 the effects of adding nitric aeid to magnesium nitrate,
figure L5; acetic acid to magnes1um aeetate, figure L7 and sulfurie acid
to magnesium sulfate, figure L8, all show a rapid moderate increase ié
emission intensity., It was found that the addition of sodium chleride
to magnesium chloride would produge an identical rapid mederate increase
in emissien intensity as was noted when hydrechleric écid was added,
From these results it woﬁld appear that no definite conclusion as to
hydrogen ions affecting mégnesium emission intensibty can be drawne

The investigation of cémparative value of the varieus wave lengths
used for ﬁéasuring magnééium emission intensity has been discussed in

some detall in the experimental section, It was poimﬁed out thaty even
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when magnesium emission is depressed. to a minimum by anion effecté, the
emission to backgr@uﬁd ratio is mest faverable at the 371 mu wave length,
It was pointed out that anien effects appeared to be less pronounced at
the 285,2 mu wave length than at the 371 mu wave.length, ‘A close invest-
gation showed this to be true, and that depressing effects are similafAin
detail at both wave lengths is evidenced by cwmpariﬁg figures 9 and 11
with figures L9 and 50, Numerous other comparisons of detail were made
with results showing uniferm agreement, From this data it is evident
that theﬂrecordedrrelative energy is mere intense at 371 mm than at the
ofher prineipal wave lengthse

Emissien by sodium and petassium at 371 mu can be compensated for '
in analytical work by adding these elements to the standards in approxi-
mately equal amounts as are found in the samples. Jhen the concentration
of these elements, or other enhancing elements, is compara§ively high
they will alter the emission to background ratio at 371 mu, If measure-
ments were made at 285.2'mu this difficulty-may'beuévoided in some in-
stances .

Previeus werkers have shown that a clese relatienship exists be=
tween the effects of anions on the‘emission intensity of calcium and
‘magnﬁsiumg Workers with both elements have observed depression curves
with single inflection points, Molar ratios of malgium to phesphorus
or sulfate and magnesium to phesphate or sﬁlfate were shown to-be con~
stant and independent of concentration at the point at which complete
depression Wasvreached@ This led the wofkers to suggest that the ‘ '

observed effects were due to the formation of caleium or magnesium
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compounds as the solutions evaporated im the flame and the emission
inteqsity was related te the ease of formihg the oxides from the intital
compound formed, To demonstrate, they assume that the chlerides will be
more easily oxidized than the phesphates and since the phosphates are
less soluble they will form first as solutions evaperate in ‘the flame,
thus, as increments of phespheric acid were added to calcium or mag-
nesium chloride solutions the emission imbensity would dgerease'until
all of fhe-calcium or magnesium‘came down as a phosphates

In the present invesﬁigation single inflectien point curves for
the addition of phosphoric and sulfuric acids to magnesium solutions
were not observed, This indicated that the suggested ;ause of depression
was either wrong or needed refinement. A'possible refinement that could
explain at least part of the irregularities of the curves as shown in
this investiéation would be that the predominant anion form may change
as varied inerememts of the acids are addgd. For instance, as phos-
- phoric acld is added the shift in predeminant anion would be frem
HPOE to H2POZ at nermal temperatures, This could result in the formation
of different magngsium compounds which weuld require different quantities
of energy to convert them to oxides and thus preduce inflections in the
emission inbensity depression curves as noted, Under more n@rﬁal condi=-
tions the compounds .formed could be quite accurately ealculated but what
happens in a droplet of solution that'suddenly finds its=self in an
exygen~hydrogen flame?

To check the‘poésibility of the shift in ionic form, various phos=

phate and sulfate salt solutions were used as additives to minimize the-
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possible shift in anion f@rm due to a change in hydrogen ieon concen-—
tration., It was believed that a disappearance or .shift in positién of
an inflection in the depression curve from that neoted for the additien
of the acid could be interpreted as supperting evidence for the-suggestm
ed reason for observed results when phespheric and'éulfuric acids were
added, The addition of sodium and potassium phesphate salt solutions
to the wvarious magnesium standardé did result in the di%appearance of
several inflection points in the emissioh intenstiy depression curves
as produced by the addition of phosphoric acid. For example, in figure
25 the inflections shewn in the HéPQh eﬁrve‘at‘OQOOBLM is absent in the
'NaZHPOh net curve, A similar disappearance of inflections as produced
by the addition of sulfurie acid was noted when sodium and‘potassium
sulfate solutions were added to the magnesium standards,

It is felbt that though these results are inconclusive they de
support the suggested reason for the 6bserved results of adding phos=
phoric and sulfuric acids. The fact that high temperatures and
extfemely rapid changes of physical environment are involved makes

interpretation of the results quite diffieult,
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