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THE .DETERMINATIOI OF· CA.l:£I,UM IN PIIQS,PHATE, CARSQNATE, 

AND SILICATE ROO!$ :BY FLAMS PHOTO~R 

.:By Henry Kramer 

A method has been .deYelope·d f ·or the detertn.:ination of eal:c:iu.m in. 

:phosphate , :earbona:t.·e, and silicate ro:cks using tb.e Beckman flame photom1"" 

eter. with photomultiplier attachment. 

The sample is .dissolved in hydrofluoric, nitric, and perchlor·ic acids, 

the- hyd.rofluo.ric and nitric acids are expelled~ a r-a.diation bUf.fer eonsist· .. 

ing o;f aluminum~ magnesium, iron, sodium., 'IJQ-tas·sium, phosphori~ acid, and 

nitric .acid is added~ ·and t .he solution is .atom.ized in .an oxy ... hydr·agen 

flame with an. instrument .setting of ·554 llllJ.• Measurements are made by co:m-· 

paris on against calcium _standardS, pre)?are.d. in the same manner, in the 0 to 

50 ppm range. 

·The suppression of calcium emission by altllllinum. .and pho.sphate was 

overcome by tlle addition of a large excess at magnesium. This addit;i.on 

a.lmo:?t completely restores the standard curve obta.ine.d from a :solution of 

calcium ·nitrate .. Interference w~s .noted when .the iron. concentration in the· 

aspirated solution (including the iron .from, the buffer) ex-ce:eded lOQ ppm 

ircm.._ Other ccnmnan rc:rek-.formin.g elements did -nQ:t inter~ere. 

'The .results .obtained by this J>TO:Ce-du.re are within ! 2l>ercent cyr the 

calcium QXid-e values obtaine.d by other methods· in the range 1 to ~1'5 percent 

ca:Lcium. .oxide,~ In the .0 to 1. pere-ent ca.J,eilim Qxiqe range the· me~hQd 

e®npa.res fa.;vorably with. s tandar·d. methods~ 
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- In-vestiga.t~ns .of the flame photometri-c :dete:rmination ·of' ·calCium 

have been ~de on glaSses. (5), ;minerals (2), b1.ol~gieal n:taterials (l), 
.. j -

metalltirgieal pr:Qducts ( 3) , and water sa.mples ( 7) • Te·ehni~ues usually 

elem'ents.f- the additiQ:n .o..I" a :saturated solution of a radiati-On bu.ft'er t:o 

provide uni.f9rm radiation eh.a.racteris-tio.s. and ;m;inimue the interf~ring 

e:ffe-cts of diver-se i .QnS, or the eonip.ari.son of the unkno:wn -solution with 

a standard which incO!"J?Orates some or a.ll oi' the interferences pres-ent 

in .the· un,kn.o-Yn .solution.. In the latter proe:edure, for accurate quanti ta·~o0 

ti(V'e analysis the qualitative ma.ke~up and. a:pproximate ·quantities. af the 

eQntponents present in .a given substa.nee nl\1$-t be- !mown .• 

Our prQo'Qlem was to detennine .-cal.eiu.m in :phosphate, ~a.rbo-nat:e, a.nd. 

silicate racks ccmttrl.ning various eaneentra.tion.e of' the u.sual rock...-.fo:l'.Illing 

_elements " The method wa:s to be applicable to rou.tine work, and the utmost 

in aeeu.racy -was not required .. 

. JUthcru.gh m():st elements etther enhance ,or suppress calcium emission 

to .some extent • aluminum a.nd. ph()s~ho-rus cause series suppr:~s.s.i.on. ~ 'lllls 

ef':fe.ct has been noted by ItJany inve.stigatarsi .Mosher :and coworkers partj,ally 

QVerca;me ·the e'ffeet of' .allmd.num by ~he a.ihtl-tion .o£· a relatively Iar:ge· 

a;m.c>unt af magn,e,aium ( 4) •· In the pro~edure described. .~· th.e inte4"ference 

-was a;Im.Qst entirely everc;ome by the aWU tio'll: of a .large excess a:t magne .... 

. sium. . Separa tiona are not .re11uired an:d the results are better than + 2 

percent CYf the ealeium. oxide found by gravimetric methods in the 1 to 95 

percent range. ,The methOd eo~s .:ra.vQrably .with standard metho:~ in t;he 

Q to. 1 ,pereent ra.nge~ .and. the lower limit of sensitivity is o.ol pe.r,cent. 
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This study is pa:rt of a program conducted by the U •· .8 ~ Geological 

_Survey on behalf of the Division o.f Raw Materials of the .u • . a. Atomic 

Energy C:omm.ission. 

The most sen:si tive calcium band. is at a -wavelength of 554 .m}J. using 

the blue se:Q;Si tive :photo;tube.-. The oxy;;..hydrogen flame was selected be:ea.tts.e 

of' ~he favorable em.i.asio-n, ... t ·o-baekground ratio,. 

Interference studies were tna.de by adding various amounts of nitric 

ac.id to: 30 ppm calcium until no further radiation suppression occu.rred. 

Next, the effe-ct of perchloric acid inc.rements were tested on 30 ppm calci­

.um plus the plateau q,ua.ntity o.f .nitric acid dete:rmined in the 'preceding 

, experiment until another plateau was reaehe4•- J:iucee:eding elements were 

studi-ed in this order: aluminum, pho-sphoric a-cid, magnesium, iron, , sodium, 

pota.ssium, aad ma.ngan:ese to establish plateau quanti ties.. These experiments 

determine-d a radiation. buffer containing all the elements which affect 

calcium endsston in such concentrations that sup:pres.sing or enhancing 

effects were overcome.. In the pro:eed.ur.e d~veloped1 the radiation buf'fer is 

added t.o both sa;m;p·le-s and .standards _so ·that the -eoncentration yariations 

within the sa'lll:ples them.s·e~:ves are without eff'ect on the s~;mple emission. 

The radiati.on buffer also provides increased flame sfability and minimizes 

drift so common te>; fla'ID:e methods... :Burner clogging .:was not .experienced. 

-The radiation buf.f'er -almost completely restores -t~ standard curve obtained _, 

from an aq-u:eous so-luti.on o-f· 'eale-ium nitrate a.:s sh():wn in figure 1 .,. Calib.ra-

tion curves .for the ranges 0 to- ·50 :Ppm. ~d 0 tq. ·5 ppln calcium are :pr~sented. 

/ 
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Curve I~. 

0 to 50 ppm Ca + 
20 ml of radiation 
buffer, slit width 

. 0.-.057 mtn. 

Curve II: 
0 to 50' ppm Ga as 
N03 , slit width Q,.047 mm. 

Curve III~ 
0 to 5 ppm Ca + ~0 ml 
radiatiQn buffer, slit 
width 0-.112 mm. 

4.0 

30 

Calcium (ppm) 

4o 50 

Figure 1. --Standard curves for calciuin at 554 miJ. '• 
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InteT:ferenee s-tudi:es indi~ated the fo::t.lo'Wing .c.on·ee.ntra.tion limits 

for the major rock~forming -eletnents :. 

Constituent :cng/100 ml 

Al~s- 100 

MgO 100 

P;aOs 6() 

·Fe,2()a l5 

Na~- (no ~pper limit established) 15 

Ka() (no. up:pe.r limit esta'blished) 7 

.MnO 1.3 

Nitric acid anciperehloric acid tolerances are 6 percent v/v ~nd 2.5 

percent v/v respectively., 

On t .he basis of' 100 rng o£ sa;mple made lip to- lOO ml as described below · 

the .s~ntple can contain 60 percent PaOs \ 15 ·pert:ent Fe20$, 15 '!)ereent Na#O·• 

7 perc.ent ,K~, and .1.-.3 l?ereent MnO. -These to-lerances permit -the analysis 

of mqst phosphate, :c:arbona.tet and sili~ate rocks Without ·changing :the pro..: 

cedure. Minor .rock-:forming elements :aueh as -ehrotp.iu:m, tita.ni:um., vanadium, 

lithium. and l:>a.rium., unless present as ~j-or constituents .. do not interfere.-

Table 1 eompar,es the resl.Uts obtained by the metho4 with other methoqs. 

on .a variety .of' sa.m,ples • 

waratus 

A Beckman .model DU spectrophotometer with a model 922Q flame attach­

ment and a. model 4300 pho-tomultiplier was used with an ox:y-hydrogen flame ,., 
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. Table 1 ....... Analytical data .• 

Ba.mple no. 

NBS lA 
NBS 56B 
NBS. 79 
NBS -80 
N.l3S 81 
NBS 88 
NBS 91 
NBS 98 
.NBS 99 
rms 102 
NBS 104 
NBS ·120 
NeS 128 

USGS W-1 
-USGS G-1 

l 
2 
3 
4 
5 

6 
7 
8 
9 

10 

ll 
12 
13 
14 
15 
16 

Type of sample 

.Limestone 
Phosphate rock 
Fluorspar 

.Sod.a=lime glass 
Glass sand 
Dolomite 
.Opal glass 
Pla.stic clay 
-Feldspar 
Silica. brick 
Burned magnesite 
.Phosphate rock 
Soda-lime glass 

Standard diabase 
Standard granite 

Breeciated limestone 
Calcareous clay 
Clayey sand 
Conglomeratic limestone , 
Apatite 

Phosphate rock 
do. 
da .. 
do. 

Phosphatic limestone 

Phosphatic -clay 
AlU!Ilin.um phosphate ro.ek !/ 

do. 
do. 
do. 
do. 

Calcium oxide 
content 

(pereent) 

41.32 y 
44.06 
94.83 
4.65 
0.029 

30.49 
10 .. 48 
0.21 
0.36 
2.29 
3.35 

49.62 
4 .~76 

10.95 §/. 
1.35 '§ 

50~46 L! 
4.58 
0.48 
l-.80 

49-50 

1.96 
6.01 
l.4Q 

22.26 
24~35 

0.22 
6.9 
1.41 

11·9 
8.6 
1,57 

Calcium oxide 
found 

(percent) 

4o.6 
/ 43.:9' 4:;. 7 

96.6 
4~65 
o.o34 

30.6 
10.6, 10.7 
0.18 
·o.38, 0 .• 38 
2.36 
3.42 

49.4, 49.4 
.4.72, 4.75 

11,.0 
1~36 

50-.0 
4.65 
0.55 
1.74 

48.7, 48.5 

2.02 
5-93 
1.45 (av. 8 d.et ~- ) 

21.95 (av. 4 det,.) 
24.22 

0.23 
6.75 
1. 70 (av. 2 det.) 
12~1· 
8.60 
1.68 

1/ Certifi.cate values for National Bureau of Standards standard sa.niples • 
2/ Average reported value (6). 
"1./ Simple precipitation as oxalate andvolumetri:c determination ~ith 

potassium permanganate for samJ?les 1-16. 
!!J Samples 12-16 from the aluminum phO'sphate . zone, )3one Valley forma~ 

tion of" Pliocene age 1 Florida, usually containing wa.vellite, crandallite, 
quartzJ and kaoliniteo 
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Reagents 

HydrO:fluori:c a eid., 48 ~percent ,. 

Nitri~ acid1 (1+1 }. 

Standard _caLcium .solution (1 m1 s 1.00 mg -:Ca)... Ju_solve 2._498 g o-£ 

:reagent grade calcium ea.rbon.ate dried at 105° C in 10 mJ. of (1+1) nitric 

aeid, transfer to a 1-iliter vollllnetri·c flask, ana .cUlu.te- to .mark VIi th 

-water. 

Ja-di.ation bu:ffer. Weigh the foll?Wing into a 4oo~mJ. beaker: alu.minum 

:nreta,l$1 fo-il 0 .,..005 inch~ 4.ooo g; magnesium ribbon 1 9.000 g; iron wire, 

0.500 ~- sodium nitrate, 2.957 g; J?O.tassium nitrate, 0 •. 776 g , •. Cover -With 

a watch glass, add. 100 ml _of conccentra.ted ni trie aeid (add ad.ditiona.l nitric 

~:cid if necessary), and evaporate to -c;lryne,ss. Dissolve the residue in 1200 

ml of (1+1) nitric acid and heat to effect solution_.. _Filter through a 

-fine paper if the soluticm is turbid,. 

'Prepare :a stan-dard phosphate solution ( 1 ml r.J 50 .mg phosphorus) by 

·pipetting 22.,0 ml of' 85 percent phosphO-ric acid (sp~ gr. 1_.69) into a 

200~m1 volum.et.ri-c f"la.Sk and dlluting .to -vo~ume with water.. . Standard,iz.e,. 

The radiation ;bu.:ff'er is prepared. by adding ,a volllllle of the phospho:ric 

acid solu.ti.on e4_ui valent to- 2.50 g phosphQ:I"us to. the entire mixed~ salt 

so~ution and diluting to 2 liters in a volumetric fla.sk. 

·- When a .20.-ml. aliquot o:f the buff.er is dilu.ted tQ: 100 ml it -cq.ntains 

4QO ·ppm alundnum., 250 :ppm. phQ:s:pho:rus., 900 l?l?Irl _magtte~ium, 50 ppm iron,. 8Q -

ppm sodium,. 30 ppm pqt~,a:ssiu:m, and 6 JDl. o.t nitric aeld,.. 

Calcium standardS equivalent to: 50, 40, 30, 20_, 10, 0 l?Pl'll. are prepared 

by pipetting _5.00 .lnl, 4-,00 ntl, 3 ... 00-m.l, 2,.00 m:l, 1 •. 00 ml of the stand.ard. 

-cal-cium so-lution into .100~ volumetric flasks , adding to each 2.c5 )nl o:f· 
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75 percent perchlori-c acid, 20 rnl of the radiation buffer by pipette, 

and diluting _to vol~ with water. 

,Procedure 

Weight 0~1000 g of sample into a platinum -dish, add ·5 ml of (1+1) 

nitri<! acid, 2.,5 ml -e! 75 percent perchlorie acid, and about 5 ml of 47 

percent hyqrqfluorie acid. Evaporate on the steam bath until the first 

fume.s o:f perchloric acid appear, ltash down the siQ.es of the dish with water,. 

and .aga.in _evaporate to -the initial appearance o-f perehlorie acid fumes. 

Repeat with additional nitric and hydro-fluoric acid if nece:esary. Add 

.about 20 ml of' water and dige.st on the steam bath to- ef:fe.ct complete solu .. 

tio.n.. Transfer to a 100--m.l volumetric flask, cool. ad,d by pipette 20 ml of 

the radiation buffer, and dilute to . vo-lume with water. 

r:r the sample is expe-cted to contain over 7 perc·en.t calciL!Dl o.:x:.ide, 

make an ap_pro.:priate dilution before adding the radiation buffer so that the 

calcium concentration i .s less than 0 .. 05 mg/ml. 

If the sample is exp.ected to be lqw in calcium_, that is, less than 

0 •. 50 percent carry a reagent blank .along .with the sample. 

Spectrophotomet.er settings: 

Wavelength - 554 1I1JJ. 

Sensitivity contro-l - 5 turns :frqm :clockwise limit 

Selector sWitch - 0.1 

Phototube - blue with 2:2 megohm resistor 

·Slit - Q .057 lllJ.L 

Hydrog-en • 5 psi 

OLX:ygen ""' 10 psi 

Pho-tomultiplier - full sensitivity 

Zero suppression - off 
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Flame photometric procedure 

While the 50 ppm c:alcium solution is aspirating, adjust the wavelength 

dial to either side of 554· mtJ. to obtain l:IUU;imum.. transmission with a .minimum 

.slit .width. AdJust the 50-ppm cal.ciu.m standard to. read 100 percent trans-

miSSion using the slit width knob,. After thi-s adjustment has been made, 

instrument drift is corrected by minor adjustment of the hydrogen gauge 

regulator. The sample is then analyzed by bracketing between the :closest 

calcium stl;tndard.S., Calculations are based on the assumption that the curve 

is linear within each 10 ppm increment, 

1. 

2 •. 

-3. 
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