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INTRODUCTICON

The development of the flame photometric method for
the quantitative determination of metallic elements has
been hindered greatly due to the interference in the flame
intensity ceused by the presence of extraneous cations and
anions, For several years workers in this field have been
awvare of this interference, Not only have opinions been
advanced as to the cause, but several techniques have been
developed to minimize the error in the determinations of
certain solutlons, |

Duffendack, Wiley, and Oowensl made the general state~
ment that the effect of one element on the determination of
another 18 due to "changes in the characteristics of the
solution, and changes in the nature of the vapor and in the
interactions within the vapor." So that more accurate
determinations could be made of a solution of cations, they
proposed two methods. In the "method of excess," the intere
fering ion was added in excess since 1t was found that,
above certain concentrations, small variations in the con-
centration of the interfering ilon no longer affected the
determination of a particuler ion. And, in the "method of
successive approximations,” working curveg for each element
wore developed with various concentrations of the interferw
ing ions, From these working curves, successive approximaw

tions of the concentrations of the elements present could

- ]l =
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be obtained until the desired degree of precision was
reached,

In thelr work on developing a& fleame photometer, upon
which the Model 18 Perkin-Elmer flame photometer is based,
Berry, Chappell, snd Barnes3s4 have projected from spectro-
graphy to flame photometry the use of the Iinternal standard
method. The principle of this method is that eny factor
which will ceuse a change in the intensity of the light
transmitted by any one element will cause & similar change
in the intensity of the element used as the internal stande
ard, By the use of this method they were able to correct,
to & cortaln degree, the errors in the absolute method due
to detrimental effects which they sald could be divided
into at least four classes: effect of variation of gas
pressure, effect of variation of air pressure, effect of
foreign molecules end lons, and effect of viscosity of the
sample. .

Parks, Johnson, and Lykkens pointed out possible conw
tributing factors for the large errors found in the dster-
mination of sodium and potassium., Those suggested weret
the shape and temperature of the flame cone, the size of
the droplets of the miat entering the flame, the surface
tension and viscosity of the solutions, and the complexing
action of the ions on the alkall metal lons,

The use of "radiation buffers,” as developed by Weat,
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Folse, and.uontgamery.b is a procedure similer to the
"method of excess,”

A few of the observations recorded concerning errors
caused by interfering lons are as follows: sulfurie,
nitrie, hydrochloric, and phosphorie acid, as well as ammo=
nium chloride, sodium chloride, potassium chloride, magne=
sium sulfate, and cupric chloride, deoresse the transmission
of sodlium and.potasaium;u sulfuric, phosphoric, hydrochloric,
oxalic, nitrie, and boric acid, and most of the catlong de=
press the readinga.of sodium and.potassium.s It was also
reported that aulrate end chloride ion show little effect
on sodlum, potassium, and calecium; but sodium, potessium,
eand calcium enhance one another.2’6 Others report that
neither calcium nor barium Interfere with strontium but
strontium Interferes with caleium and caleium with barium

and these interferences incresasse linearly with increasing

concentration of the interfering ton.7
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CHAPTER I
STATEMENT OF PROBLEM

Although considerable research has been done in the
application of flame photometry to the rapid determination
of metallic elements, ampparently little progress has been
made in explalining what actually tskes place in the process
of vaporizing the solutlion which would cause some ions to
depress tranamission readings and others to enhance the
flame intensity., Perhaps the interfering ions cause a
change in the physicel characteristics of the solution and
the flame, which would account for the errors in the flsame
intensity, However, one purpose of this study was to ine
vestigate the possibllity of a correlation between the
degree of Interference and the chemnlcal processes that
could take place as the solution is passed through the
flame. It was thought that with this knowledge it may be
possible to predict what errors may be encountered if the
chemiceael behavior of the constituents present were studled,
Thus, determinations of mixtures could be made more acocu=
rately and perhaps more rapidly.

Because of the speed with which determinations cen
be made with the flame photameter, 1t would seem thet this
instrument would be extremely valuable in s0ils determinaw-
tions, Therefore, it was a second purpose of this study to

investigate the effect of certain ions commonly found in

ﬂh-
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solls on the flame photametric determination of calcium,
Particular emphasis was placed on the phosphates,
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CHAPTER II
DISCUSSION OF PROCEDURE

Y. INSTRUMENT USED,

All flame intensity data were obtained by the employe
ment of a Model I Beclman quartz spectrophotometer, with an
acetylene flame attachment, Model 9200, Toward the end of
the experimental work, a Beckmen photormultiplier attachment,
Model 4300, was usede During the earlier runs with the ine
strument, it was extremely difficult to obtain reproducible
readingsy but, after replacing the dry cell batteries, dry-
ing the deslccant within the instrument, disconnecting the
charger from the storage battery while runs were belng made,
ané replacing the atomigzer~burner, the reproducibility of
the readings was greatly improved. Through the use of the
photomultiplier tube, 8lit widtha could be reduced. This
geemed to meke the galvanometer needle much easier to read
end to increase the reproducibility. All earlier data were
checked using the photomultiplier,

IX. PREPARATION OF SOLUTIONS,

(1) A stock solution of caleium chloride was pre-
pared from reagent grade caleium cerbonate, The sample of
carbonate was heated for one hour at 100°C, accurately
welghed, and treated with C, P, hydrochloric acid (37%).
The excess mcld was driven off and the calcium chlorlide was
dlluted to a concentration of 1000 p.peme of calcium,

-6 -
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(2) The following aclds were used to furnish inter=
fering ionsi resgent grade phosphoric acid (86%), glacial
ecetic aoié, perchloric acid (70%), sulfuric acid (96%),
hydrochloric acid (37%), nitriec acid (70%), and formie acid
(88%).

(3) Reagent grade scdium chlorlide was used in making
up solutlons containing sodlium,

The above solutions were stored in polyethylene bot-
tles whenever there was & possibllity of contanination from

glass containers,

III. OPERATION OF INSTRUMENT.,

| The spectrophotometer was turned on and allowed to
warm up for several minutes, up to an hour, until the dark
current reading remained conatant, Supplies of acetylene
and oxygen were furnished in c¢ylinders. Although scme ex-
perimenting was done to observe the effect of a change of
pressure of fuel and oxygen upon flame intensities, 21l the
readings recorded herein were made at a pressure of 12 lba.
per 8qe ine. for oxygen and 3 lbs, per sq. in. for acetylene.
These were the preasurés reconmended on the atomizer-burner,

During a particular run, a standard solution was set

at a definite tranamisslion reading. Thias setting was made
roughly by adjusting the slit width and more accurately
made by adjusting the sensitivity control knob, Frequently
the transmission of this standard solution was checked. If
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this reading seemed to vary at all, it was checked between
each reading of the unimowns., Considereble difficulty was
encountered at higher concentrations of calcium and phose~
phate, probably due to a "salting up effect,” since the
flame intensities continually decressed if the solution was
allowed to enter the fleme for & contimied period of time,
This difficulty was greatly reduced by cleaning the burner
with dilute hydrochloric acld after each reading was made,

It was observed that an spparent mechanical defect
in the selector switch of the instrument made i1t impossible
to use the "check" position in setting the standard solue
tion, The galvanometer needle would not return to the zero
poeint efter the selector switch had been chenged from one
position to any other,

IV. WAVE IENGTHS USED,

Except in certain ceses, as are mentioned in Chap-
ter III, the following wave lengths were useds calcium,
55 millimicronss sodlum, 589 millimlcrons; and potassium,
10l e6 millimicrons,

The wave length dial on the apectrophotometer was
adjusted slightly et these wave lengths to give the maxl-

mm transmission.
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CHAPIER IIX
EXPERIMENTAL

I, DETERMINING A CALCIUM WORKING CURVE,

Exact portions of the stock seolution of calcium chlé-
ride were dlluted with dletilled water to give solutlions
whose concentrations were multiples of 10, ranging from 10
to 100 pepem., of calcium, The solution of 100 p.pe.ms of
calcium weas used as the standard., Table I 1illustrates the

conslatency of readings observed for a particular run, In

TABILE X
Ca Conc, Corrected

M Observed Readings Readings
2 %.?‘3’ %ﬁ‘?’ %ﬁ'g 25,2, 25.1 %&2
0 205 3LeBs 3Uebs 35:9: .6 2941

-9’ 083 . 390

50 53¢7s Sle8, 54e9 Ge
70 7ol ghedi g R 2 Zong
80 22 fe2e §2:30 f2:30 ™ ao:g

90 96.5, 95.0, 95,1 89,
100 10 .5 (Bet) 100.0

order that econcentrations of calcium would be read directly,
the standard solution was set to read 100% plus the trans=-
mission of the background when distilled water was sent
through the atomizer. In this particular case, the slit
width was set at 0,36 mm, and a wave length of 622 milli=-
microns was used, For this inatrument setting, the back=
ground gave a reading of 5.,5% and the standerd read 105.5%,
“ 9w
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Separate readings were taken for each solutlion until the
varistion from the previous reading was not more than 0.1%.
The column "corrected readings®™ was obtained by subtracting
5.5 from the most consistent observed readinge.

It 418 seen that the data in Teble I would represent
a nearly linear curve (slightly concave upward). The above
readings were made without use of the photomultiplier tube}
but, after this attachment was received, a check was made
on the same solutions. Table II shows the results of this
check, With the increased sensitivity, 1t was possible to
redirce the slit width to 0.03 nm. A wave length of 554
millimicrons was useds The distilled water background read

S.0%.
TABLE II
Ca Conce. Corrected

P Obgerved Readings Reedings
2 RpEe¥r Bl
50 ElieGs Bliebs Sleb %925
70 TheSs T5e30 The5 Qe

90 95e3s 95e5s 955 90.5
100 105.0 (set _ 100,0

The data in the two tebles campare very favorably.
A grephlc representation of a calcium working ourve 1is
shown in Figure 1. Data for this curve was obtained before
the photomultiplier tube was used at a wave length of o5l
millimicrons, A 8lit width of 0.[418 mm, was required and
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FLAME INTENSITY OF CALCIUM SOLUTIONS
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at this setting the background reading was 9.54. From a
consideration of the readings in Table II, it is seen that
. the photomultiplier tube has improved the reproducibility.

II. ‘THE EFFECT OF HBPOu ON CALCIUM.

In order to determine the effect of the phosphate
ion on various concentrations of calcium, & series of solu«
tions was prepared in which the calclum concentrations
varied from S0 to 200 pepem., and the ratio of the moles of
Hq POl to the moles of calcium varied from O to 52.0. In
naking transmission readings of these solutions, the solu=
tion of 100 pepeme of calcium with no phosphate was used as
the standard and was set at a transmission of 50.0%. The
average readings for one particular concentration of cal-
¢ium ere shown in Table III. No effort was made to correct

the readings for the background intensity. A check was

TABILE IXII
Ca Conc, Mole Ratio Observed
M HBPOHZCa Reading
125 0,00 62.3
" 0.26 5l.3
" 0.52 Lhl.,2
n 0.78 35,3
o 1.04 31.3
" 130 28.3
" 2,60 27 .0
" 520 27.1
" 52.0 - 33.6

ﬁadc on these readings using the photamultiplier. The slit
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width was again reduced to 0,022 mm, and distilled water gave
& background intensity of 2.0. Tasble IV gshows the results

of this check on the solutions of Teble III, It 1s seen
that, although the general effect of the increased phosphate
concentration 1as the seame as that recorded without the use

of the photomultiplier tube, the transmission is less,

TABLE IV
Mols Ratlo Corrected
HEPOHACa Observed Readings Reading
0.00 65.0, 65,0, 65,1 63,0
Oo26 3-5: 53-5: 3¢5 5105
0.52 1.2. Ll-l’B’ 1.2 39.2
On78 oy shy 3&.6 32o6
1.04 30465 30,4, 31.2, 30.8 28.8
1,30 27eTs 27e1l, 2840, 2783 258
2.60 2Le9s 2le9 2249
Se20 2te8, 2448 22.8
5240 29.1, 29.2 . 27+2

From the graphlcal representation of the work done
on calcium and phosphate solutions, Figure 2, it 1s appar-
ent that there is a considerable renge in concentration of
phosphate over which the depressive effect on the calclum
transmission remalns nearly constant. Also, on a larger
scale graph, 1t appears that these curves are not smooth,
A bresk scems to occur at a mole ratlo of H4PO) to caleium
of approximately 0.6 end another break appears at a ratio
of ebout l.2. Unfortunately, the error involved in meking
the transmission readings without the photomultiplier tube
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FLAME INTENSITY OF CALCIUM IN PHOSPHORIC ACID
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prohibited the possiblility of drawing any definite conclue
sions from & study of these breaks.

Because of the inconvenlience in plotting, the mole
ratio of H3PO} to calcium is shown only up to 5.2 in Figure
2« However, a solution of ten times this concentration of
H3PO;_|_ was determined and was found to give a tranamission
reading somewhat higher than the plateau established in the

curve by the two previous solutions., The magnitude of this
increased intensity 1s shown in Teble V,

TABLE V
Ca Cone, Mole Ratio Observed
(P.P.M,) H3PO"£Ca Reading
50 5420 15,5
| 5240 17.8
75 520 19.7
5240 2342
100 520 . 28'7
520 28e7
125 5¢20 27.1
5240 33.6
150 5.20 3045
52.0 38,6
200 5e20 70
52.0 9.1

More points were obtalncd on the curve of the deprese
sion of the transmission of caleium by phosphoric acid using
the photomultiplier tube. Increments in the rstio of phos-
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phoric scid to calclum were 0.026. As shown in Figure 3,
the curve 1s substantially the same as Figure 2, with a
change in the slope of the curve appearing at mole ratios
of 0.5 and l.2. The successlve readings were reproducible

to +0.5% on the transmission scale.

III. DETERMINING THE FLAME INTENSITIES OF HbPOu SOLUTIONS.

Since the flame intensities of the calecium and H3P0),
solutions increased when a great exceas of BBPOM was added,
it was thought that solutions of H3P0h alone would show ine
ereasing intensities with increasing concentrations, Solu=
tions of Hsrou of concentrations varying from 0,0164M to
0.656M were prepared and the results of the transmission
readings of these solutions are shown graphically in
Figure lj. These readings were made without using the photoe
multiplier tube, The instrument was set with a2 standard of
100 p.penie of caleium at 110,0%; the background reading waa
10.0%.

Because the tranamission curve i1s linear, it is pos~
slble that this emission is due merely to incandeacence of
solld peartlicles, probably HPO3 or Paos, formed in the flame,
This opinion seems to be substantiated by the evidence re=
corded in Teble VI. To obtain this data, the 0,656M solu=
tion of H3P04 was run at different wave lengths, Water was
used as the stenderd and was set et a tranamission reading

of 10.0%4 at each wave length, As the slit width was
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increased, allowing more light to enter, the trensmission
increaseds, The ratio of the intensities at a wave length
of 22,7 millimicrons end at 554 millimicrons was equal to
the ratio of the square of the slit widths (approximstely)e.

TABLE VI
! Wave Length S1it Width Observed
{(miilimicrons) (rm, ) Reading
422.7 ¢ 0.210 18.2
ssl ! 0 -}-I-35 Tg «0
622 E 1.15 b1

The reading at the longest wave length probably dropped off
due to the insensitivity of the blue phototube at this wave
lengthe

A study was also made of the relative flame intensie
ties of other acids. The molar concentrations of all the
aclid solutions tested were approximately 0.65. In these
tests & standard solution of 100 p.pemes of calclum was sed
at 110% transmissions The slit width of 0,48 mm, gave a
background intensity with distilled water of 10,0%e The
554 millimicron wave length was used. Table VII shows the
relative flame intenslties, Considering the formation of
geseous oxides, 1t 1s easily explained why all the acids ex-
cept phosphoric acid should .transmit very little light, The
reason for the transmission of perchloric acid 1s not knoun,

However, it 1s amall compared to that of phosphorlc acid,

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



w 20 -

TABLE VII
Acld Corrected Reading

Formlo 0 .5
Hydrochlorie 05
Acetic 0e¢5
Nitric 1.0
Sulfuric 20
Perchloric L e0
Phosphorioc 100

IV. DETERMINING CALCIUM IN EXCESS H3P0h.

Since the depressive effect of the phosphate lon on
caleium approached a limiting velue, Flgure 2, a study was
made of the possibillity of determining the conecentratlion of
calclium in which there was an unknown quantity of phosphate
ion by adding en excess of H3P0u. Solutions of verying cone
centrations of calclium were prepared in which the mole
ratio of H4PO) to calelum was held at le95« This was suffi=-
clent 33P°h to be in the range where the slopes of the
curves were zero, Flgure $ shows that & linear relatione
ship was observed between the logaritlm of the concentra-
tion of calcium and the logarithm of the percent transmla-
sion. This makes 1t possible to determin calclum 1ln a phose-
phate medium., An approximation could be made of the calciunm
concentration by use of the flame photometer, omlitting con-
sideration of the depresslve effect of any phoaphate ion
present, and this value could be used to determine the
emount of H3Pou which should be added to make possible the
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use of & curve similar to Figure S5, From such a curve, the

unknown calc¢ium concentration could be detenntned.

Ve THE EFFECT OF SULFATE AND PLRCELORATE ICNS ON CALCIUM.

Curves similar to those for phosphate lons were preo-
pared for sulfate and perchlorate ions. The mole ratio of
HpS0), to caleclum varied up to 51.2, and the calcium concen=
tratlion varied up to 200 p.peme Again & depressive effect
was observed on the transmission readingsj however, the de-
pression was not as great as that recorded with H3P0u. Con=
trary to the phosphate solutions, the solutions most concen-
trated in sulfate ion dld not show an increase in flame
intensity., If,; as was mentioned, this increase was due to
incandescence, sulfate lon would not be expected to show 1t,
since the decomposition products of the sulfate would be
gaseous,

Solutiorns of calcluu and HClou were prepared by adde
ing a standard acld solution to portions of the calclun
chloride stock solution and diluting to the proper concene
tration. Contrary to all other anions studied, the perw
chlorate ion enhanced the trensmission readings of the cal-
cium solutions. The magnitude of enhancement reached a
constant value,

Graphlec representations of the effects of the sulfate
and perchlorate lons are shown in Figures 6 end 7. The most

concentrated acld solution, ten times the maximum recorded

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



T g (_o
1 , |
! .1 by .
i
- |
| ’E" o
a |
- 2: I
|
L 3 l | .
oOnNnowmo
o~ 0O N ‘
U — — —
=
(@]
L O {cu
=gmwTe
L |
(@
w
(V'S
-
—— - O
- — ,/ 40)2 \o
~
B / {o o &
/ () 8
o / P~ =
T B
QO
()
mg
1 ()
=
q—
™~
4 {
CEENE o
|
’ |
| | cJ: (J) ) ) !
O O @) O O

O 0
+ 'SNVH1l %

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

FLAME INTENSITY OF CALCIUM IN SULFURIC ACID



-2 -

CONC. CA (PPM)

75
100

125

150

200

(4)
(3)

(2)

\

|

I

6 7 89

5
MOLES HCLQ,/ MOLES CA

4

120

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

1
=

|00~

\
\

i | |

(@) O (@)

(o Ty <

%

I i
O @)
~

o
o)) @®
‘SNVYH 1L

3

FIGURE 7

FLAME INTENSITY OF CALCIUM IN PERCHLORIC ACID



.25»

on the graphs, sgain is not showny dbut, the transmission of
this sulfate solution remained the same as the next leas
concentrated solution, However, the moat concentrated perw
chlorate solutions, mole ratio of HC10), to calcium equal to
52.0, showed a slightly less transmission than the solutions
of a 5.20 mole ratio., This decrease in transmission is re-
corded in Table VIII. These readings of sulfate and per=
chlorate solutions were made withous the use of the photo-
multiplier tube but a check was made on the solutions of
100 pepsme Of calcium with perchlorate ions, The magnitude
of the enhancement using the photomultiplier tube was ep=
proximately 5% higher than without the attachment,

TABLE VIII
Ca 00;110. M;%oonatio Oz:orvod
* P - %
i s2e0 41e?
100 52250 Eons
125 55’ Tk
150 52.‘50 282
200 5620

119
5240 11k
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VI. RELATIVE EFFECT OF ANIORS ON CALCIUM,

Kk series of solutions were prepared to study the re-
lative magnitude of the effect of various anions on the
flame intensitles of calcium solutions, 4ll solutions were
made to a concentration of 100 p.peme of celcium from the
stock solution of calcium chloride, Definite amounts of
acid were added to vary the anion concentration up to ap=-
proximately 0.026M, Tebles IX and X show the results of
these studies, Table IX gives the transmission readings for

TABLE IX
Acid Added _f_;c:r;goggct.d Deviation % Errox
HEO4 4240 - 840 16,0
Hp80), 295 =205 41.0
H4PO), 20.3 =297 594
HC10), 6243 +12,3 2le6

the most concentrated solutions that were prepasred, A
standard solution of 100 p.peme of calcium was set at 51.0%
transmission and the background showed an intensity of 1,0%
at & slit width of 0,022 mme The photorultiplier tube was
used, 4 graph representing the relative effects of HCl,
mvo:.,. Hp80), H4PO), and HC10), is shown in Pigure 8.

These results show the negliglble effect of acetic,
formis, end hydrochloric acids on the calcium intensltles,
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Since the solutions were made from CaCly, the concentration
of acld shown in Table X was not the true econcentration of
the chloride ion. Its maximum concentration was actuslly
0,0314M. Since chloride ion from the CaCl, wes present in

TABLE X

Conas of Acid Corrected
_Acid Added  _{HMolarity x 10°) _ Reading

Acetie | 0,06, 50,0
04193 18;903

0322 0.0

2457 9.5

Formie 0.064 50.4
' ag =

2.56 AN

Hydrochloriec 0,066 50,0
0.197 0.0

04329 £0.,8

2.64 51.3

all the solutions studied, 1t was thought that this ion
might be taking part in the intensity deviations, Conse=
quently, solutions were studied in which the calcium and
phosphate ions were held at a constant concentration and

the chloride ion concentration wes varied from 0 to 0,01008M,
This was done by treating a known amount of Caco3 with a
known excess of atandnrd>H3P0k and adding varying smounts

of HCl to definite portions of this solution. The solution,
whose chloride ion concentration was equal to 0,00504M, ia
1dentical to one of the original phosphorie¢ acld solutions

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



w 29 -

used in previous studies which had a transmission reading
of 23.3%. From the results recorded in Table XI, it is ap=
parent that the chloride ion is not affecting the flame ine

tensities of the caleium solutions,

TABLE XI
HC1 Conoe Observed
(Molarity) Reading
0.00 2342
0.,00252 23.1
0.005 2342
0,0100 2342

VII, EFFECT OF ANIONS ON SODIUM,

There seems to be some disagreement in the literature
s to the effect on the flame intensity of sodium solutions
when certain snions were added.: Solutions were prepared
with 100 pepems Of sodium and various oconcentrations of
Basou. HNO3. BBPO’-I»' and HCIOQ_. The maxlimum concentration
of HpS0) was 0.008M; that for ENO4 end HC10) was 0,065M3
while the H,PQ), was made up to a concentration of 2,M.
There was no effect observed on the sodium transmission in
the presence of sulfate, nitrate, or perchlorate ions. This
is in agreement with the published results of Weat, Folse,
and Montgomery. However, the results of the tests with
phosphate ions, which are shown in Table XII, are not in

1 Cf, ante,; ppe.2=3
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agreement with the publication of Parks, Johnson, and
Lykken, They observed a depressive effect on the percent
transmission, Table XIX shows an enhancement. Apparently

TABIE XIX
H Conce {(Molsrit Observed Trensmission
0.000325 101.2
0.00163 102.2
0.06522 104.0
0559 113,
2.9 ' 109.5

the effects of sulfuric and nitric acid resulting from the
studies herein are not in agreement with the works of Berry,
Chappell, and Barnesj however, the anion concentration used
by them was considerably higher than that used in this studye.
Fuarther studies should be made before any comparison can be
discussed,s Although it does not seem prodbaeble, the incon=-
sistencles reported may be due to the difference in the ine
struments that were used.

| The readings recorded in Table XII were made with the
photomultiplier attachment and a standard solution of 100
PePoele Of sodium was set at a transmission reading of 100,0%.
The background intensity, at a slit width of 0,07 rm,., was

zgexro percent,

ViII. MIXTURES OF SODIUM AND POTASSIUM,
In the publication of West, Folse, and Montgomery,
1t 1s reported that sodium enhances potassium and potassium
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enhances scdiume This 1s contrary to the report of Parks,
Jolnson, and Lykken, who recorded a depreassive effect in
both cases,

To study this cambination only one concentration was
useds A solution of 50 pepems of sodium and 50 pepefie OFf
potassium was checked egeinst two standardst one with a
sodium concentration of 50 pepems, and another with a po-
tasslium concentration of 50 pepeme The sodium determination
was run at a wave length of 589 millimierons, and potassiunm
was run ot 4Ol e6 millimicrons. It was found that potassium
enhanced the sodium trensmission by spproximately 2.2%; and,
sodium increased the potessium reading by epproximately
2.6%s West, Folse, end Montgomery reported the enhancement
to bve 44 end 1% respectively,. |

IX. THE EFFECT OF SODIUM ON CALCIUM PHOSPHATE.

Solutions of standard CaCl, were diluted with stand-
erd phosphoric acid snd sodium chloride smolutions. All so=-
lutions contazined 100 p.p.ms of calcium, The phosphoric
acid concentration ranged up to 0.,013M3 and, for each cone
centration of phosphoric acid, the sodlum concentrations
wore varied from zero to 0,00978, From the observationa
made on the solutiona containing only sodium and calcium
iong, 1t 18 seen that modium ceuses & decrease in the flame
Intensity of calcium, The ragnitude of the error spproached
& maximum value gzt higher concentrations. This same effect
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was observed when the soclutliona contained a low concentrae
tion of phosphate ions; es the concentration of phosphate
jons was increased, the depressive effect of sodlum became
lesss At a concentratlon of 0.013M HqPQ) the percent trans=
mission was higher with sodium present than when only cal=
¢ium and phosphate ions were present., Table XIII shows the
percent transmissions of these solutions.

TABLE XIIX
Na Cone H4POj, Conc, Corrected
(P,P.M, ) (Mgigg’i’tz x 103) Reeding
0,00 100.0 (set
° 0.6556 83.1 )
1.63 Eg.h
3.27 P 3
13.11 39.1
0,00 99.2
€0 0.6556 82,6
1.639 3203
3Q278 Qg
13.11 Ll
0.00 8845
100 0.,6556 760
1.639 L7745
3.279 98
13411 3.2
0.00 882
200 06556 7620
1.639 UB.6
3.278 4243
13.11 4l
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CHAPTER IV
SUMMARY

Perhaps one of the most interesting points of this
atudy 1s evident from the results of the calcium phosphate
curves shown in Figure 1, It i1s obvious that the effect of
phosphate on calcium follows a general pattern of depression;
but, this pattern 1s not correlated with the concentration
of phosphate ion but rather with the molecular ratio of
phosphate to calcium, If this depressive effect were due to
& change in the physical properties of the solution, such as
viscosity or surface tension, then 1t would be expected that
the magnitude of the depression would be related to the con-
centration of phosphoric acid and not to the ratio of its
strength to that of calelum, However, 1f the effect were
due to a chemical bonding of cslcium lons to phosphate ions,
then ita magnitude would be expected to vary with the ratio
of phosphate to calcium, This seems to support the opinion
that chemical ocombination is the important faotors

Along with this i1dea is the slight evidence of breaks
in the celcium phosphate transmisaion curves, It is possie
ble that a relationship exlists between thess bresaks and the
formation of the compoundss Ca3(PO))p, CalPO) , and
c:(narou) 2e With the photamultiplier tube, readings were
obtained which gave evidence of changes in the slope of the

curve at mole ratios of phosphoric acid to calcium of 0.6
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and 1,2, One of these occurs at a ratio slightly less than
that of tertiary caloium phosphate (0.67). The second
change in the slope occurs at twice the mole ratio of the
first breek (1.2) whioch is more than the ratioc of secondary
ealcium phosphate (1.,0)es The explanations of this change
in slope 1is not understood, and investigetions of these
phencmena 1s being continued,

Some study was done to determine a correlation be=
tween the heats of decomposition of the eompounds involved
and the flame intensities, It was thought that the intenw
slty of the light transmitted would depend upon the temper=
ature of the flame, and that this temperature would be low~
ered when energy was supplied to decompose the oompound,
Consequently, compounds of higher heats of decomposition
would register lower transmission readings, A qualitative
relationship does eppesar to exiat between the heats of de=
camposition of the three calcium compounds and their positions
on the calcium phosphate transmission curves, That 1s, the
compound Ca4PO} )2, which would form first upon the addition
of phosphoric acid to a calcium solution, has the lowest
heat of decomposition per mole of Cal produced} and, the
solutions, whose mole ratioc of phosphate to calclum 1s in
the neighborhood of 0,67, have higher fleme intensities than
those corresponding to the secondery or primary calclium
phosphate,
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The effects of acids on calcium, Figure 8, alsc ap-
peaxr to be related qualitatively to the heats of decomposi-
tion of the various salts formed, However, the values of
the heats of decomposition at 25°C were comjared, and obvie-
ously these would vary considerably at the high temperature
of the acetylene flame, Further study would have to be
made to determine whether or not a definite relationship
exista between the heats of decomposition and the flame
intensltles, |

No explenstion is offered for the discrepancies found
in the data observed and the data shown in the llterature,
Jt 18 evident that the data recorded herein ccmpare favor-
ebly to that of other investigators who used a Beckman
spectrophotameter but are not in agreement with the pube
11shed data obtalned by those using the Perkin-Elmer
instrument,
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