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ART. XL VIII.-The Quantitative Determination of Rubid­
i~tm by the Spectl'08cope" by F. A. GOOCH and J. I. 
PHINNEY. 

[Contributions from the Kent Ohemical Laboratory of Yale Oollege-XVIIL] 

IN a. recent paper issued from this laboratory* the possi­
bility of determiuing small amounts of potassium quantita· 
tively by means of the flame spectrum was demonstrated. 
The work which we are about to describe was performed in 
the endeavor to see how far similar methods might be appli­
cable to the quantitative determination of rubidium. It was 
shown in the former work that hollow coils of platinum wire 
may be adjusted to hold definite amounts of liquid and that, 
by taking care to plunge the coil while hot into the liquid and 
to remove it from the liquid with its axis inclined obliquely to 
the surface, it is possible to take up constant amounts through 
a long series of experiments. It thus becomes possible to 
brin~ definite amounts of any soluble substance into a flame to 
be viewed spectroscopically. The potassium salt best adapted 
to spectroscopic nse proved to be the chloride, and it was 
found to be advantageous to dry the coils over a hot radiator 
before introducing them into the flame. A large Muencke 
burner gave the best sort of flame, an ordinary single prism 
spectroscope provided with an adjustable slit (the width of 
which we were able to fix by closing it upon wires of known 
diameter) and an observing telescope moveable so that different 
portions of the spectrum might be shut out at will, served 
sufficientlv well for the work. The coils were made of No. 28 
platinum wire (O'32mm in diameter) wound in about thirty turns 
to a spiral 1 em long by 2mm in diameter and twisted together at 
the ends to form a long handle. With the apparatus described 
it was found possible, under the most favorable conditions, to 
recognize the characteristic red line of the potassium spectrum 
when only n1ro mg. of potassium, in the form of the chloride, 
was brought to the flame. It appeared, furthermore, that a 
comparison of the brightness of two spectra produced in close 
succession could be made with all the accuracy to be antici­
pated in photomett'ic measurements, and that therefore by 
gradual dilutions and successive testings a solution of potas­
sium chloride of unknown strength could be brought to the 
point of containing as much potassium to the coil·full (and so, 
of course, to the cubic ccntimeter or any other chosen volume) 
as a standard solution of known strength. By noting the final 

* Gooeh and Hart; this Journal, xlii, p. 448. 
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volume to which such an unknown solution was brought in 
the process of equalizing its spe?trum with tha~ of the stal;' 
dard its total contents in potassIUm was detcrmll1ed. In thIs 
manner the strenO"th of solutions of pme potassium chloride 
proved determin~ble. with acc~1l'acY1 but when t~18 effect of 
intermixing pure sodIUm chlorl.d~ with the potasS1lll1; salt was 
studied it tJ'allspired that the bnlhance of the potassIUm spec­
trum was markedly increased by the presence of the sodium 
in the flame, the maximum increase, which amounted to 
twenty pel' cent, appearing when the ratio of sodium chloride 
to potassium reached 100: 1. It was found, however, that the 
practical difficulty of determining potassium in presence of 
sodium could be largely overcome by taking the precaution to 
bring the test solution and the standard to apparent equality 
as regards the potassium line, then to bring the solutions to an 
equality in respect to the sodium line by addition of sodium 
chloride to the standard, and finally to readjust the volumes of 
test and standard until the potassium lines were agai11 equal. 
The accuracy of the determination of the potassium is, how­
ever, in spite of the precaution, somewhat affected by the 
presence of sodium,-the error, though, sometimes falling as 
low as T~ mg. in 10 mg., rising occasionally to 1 mg. in 15 mg. 
With the excellent gravimetric method which we posl:'ess for 
the determination of potassium recourse would, naturally, 
never he taken to the spectroscopic method except in cases 
when the determination of small absolute amollnts are con· 
cerned, but ill such cases the spectroscopic method may prove 
a con venience. 

In the work npon potassium the observations of the red line 
were made in the ordinary laboratory in diffused light, bu t 
preliminary experimentation upon the rubidium spectrum 
illlmediately developed the fact that the blue lines al'e better 
to work by in the case of this element, alld that a dark room 
becomes a necessity. For the experiments to be described 
pure rubidium chloride was prepared by many fractional pre­
cipitations by alcohol out of aqueous solutions, and in settling 
the question as to the coils which should be used the choice 
fell upon the size holding 0'02 grm. of water and made of the 
No. 28 wil'e, the su perior stiffness of these and consequent 
constancy in capacity giving them the advantage over smaller 
coils of finer wire, though the latter are capable of bringing 
out greater sensitiveness of the reaction. ,Ve found, for 
example, that undel' the most favorable conditions as to height 
of flame and width of slit, 0'0002 mg. of rubidium chloride 
produced the blue lines at the last limit of visibility w'hen the 
larger and heavier coil was in the flame; with a coil holding 
0'006 grm. of water and made of very nile wire the more 
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im mediate volatilization of the chloride so increased the deli­
cacy.of the spectroscopic rea.ction that it was possible to see 
the lmes from (l'00005 mg. of the salt. These figures serve as 
an indication of the possible delicacy of this method of pro­
ducing spectra, but it should be reniembel'l,;d that all eyes do 
not see the rubidium lines with equal ease. 

In experimenting with rnbidillm snlphate in place of the 
chlol'ide the lighter coil appeat'ed to lose its advantage in point 
of delicacy of the indication over the larger coil, possibly be­
canse the amount of metal intl'oduced into the flame has less 
influence upon the rate of vaporization of the less volatile snl· 
phate, and the lines of the snlpll'1te appeared equally distinct 
and of longer duration than those of the clllot'ide; but, while 
we judged the sulphate to be rathel' pl'eferable in qnalitative 
work, our earlier preliminary qnantitative experiments led us 
to abandon it for the purposes of OUl' investigation OIl accollnt 
of the great uniformity in the lines yielded by the chloride. 
We fouIld it desirable in compamtive tests of brightness to 
employ as the standard the lines given by amonnts of the 
chloride not exceeding 0'0005 mg, to 0'0007 mg., to set the 
slit at a width of 0'2mm, and to hring the coils to the flame in 
sets of tht'ee--the first, llsually It standard, serving to fix the 
position of the lines so that the comparative distinctness of the 
lines given by the other two might be the more readily deter· 
mined. The tables below contain the record of an attempt 
to dilute a solution of the pure chlol'ide to the strength of the 
standard solution under the gllidance of comparative tests of 
the brilliance of the spectml lines yielded by the resid ne left 
upon the wires after the evapOl'ation of the solutions taken up 
by coils of equivalent capacity. Dilutions were made in ordi· 
nary gracluated cylinders of snitable capacity. 

EXPERDlElNT 1. 
Standard. Test (known to Line of test 

Rubidinm in contain lO mg !th.). compared 
a coil·full (-iIi cm3). Volume in em". with stulJdard. 

0'0005 mg. 2u() Bl'i!,!hter. 

" " 300 .B,·ighter. 
" " 350 Bri~~ht('r. 

" " 370 Bri~hter, 
'" " 390 Brighter, 

" " 400 ~ { Brighter (faintly). 
" " 400 Brighter (faintly), 
" " 400 Donbtful. 

" " 410 ~ J Bl'ighter (faintly). 

" " 410 I Weaker. 

" " 4~0 I 1 Equally bright. 
" " 420 \ ,,7 cakeI'. 

" " 430 Invisible, 
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When the volume of the test-solution reaches 400 cm' the 
indications are, on -the whole,. that the solution is still stronger 
than an equal volilme of the standard; and when the volume 
amounts to 420 cm' it is safe to conclude from the indications 
that the test-solution is the weaker. If the mean of the num­
bers represellting these two volumes be takell as probably illdi­
cative of the volume at which the test and standard lines are at 
an equality we have the estimated amount of rubidium in the 
test-solution given by multiplying the volnme in cubic centi­
meters by the number of coil-fulls in 1 cm' and the product 
by the amount of rubidinm contained in a coil·full of the 
standard solntion-410X50xO'OOU5=10'25 mg. The amount 
of rubidium actually takell in the test·solutiou was 10 mg., and 
the enol' of the mean value assumed is 2-5 per cent+, 
between extremes correspondillg to an error of 0 and 5 pel' 
cent +, respectively. 

EXPERImeNT II. 

Standard. Test (known to Line of test 
Rubidium in contain III mg. Hb.). compared with 

a coil-full ();~, em'.) Volume in em'. standard. 

0'0005 mg. 340 Brighter. 
" " 370 j Equally bright. 
" " 370 ( Brighter. 

" 3(10 { Weaker. 
300 Weaker. 

" 
" " 

370 + 390 
Found X 50 X 0'0005 = 9'5 mg. 2 ~ 

Taken __________ .. _ _ _ _ _ _ _ _ _ _ _ 10'0 " 
Errol' ____________ . __________ 0'5 " = 5 per cent. 

l£XPEllHIEN'l' III. 

Standard. Test (known to Line of test 
Rubidium in contain 10 mg. Rb.). compared with 

a coil-fnll (.1.0• em'). Volume ill em3• standard. 

0'0005 mg. 300 Brighter. 
"" 3GO Equally bright. 
"" 380 Brighter. 
"" 380 Brighter. 
"" :190 Brighter. 
,'" 400 Weaker. 
"', 410 vVeaker. 

Found 390 + 400 X5UX ()'0005 = 9'875 
2 

Taken ___ . ______ . ______ . _ _ _ _ 10' 
Errol' ___ - ___ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ 0'125 = 1'25 pel' cent. 
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These results make it plain that when the comparison is 
made between solutions of pure. rubidium chloride the spec­
troscopic method is capable of yielding fair appt'Oximations to 
trllth. In the practical determination of rubidium, however, 
the question of the effect of the presence of sodium and potas­
sium which naturally accompany it is of importance. A ttell­
tion was therefore turned next to the consideration of this 
point, and the record of observations as to the influence of 
sodium upon the brightness of the rubidium spectrum is con· 
tained in the accompanying tabular statement. 

Standard. Test solution. Comparison of Comparison of 
RulJidium in a coil. Sodium ill a lines of test by lines of test with 

full (to cm3). coil·fnll. pairs. standard. 

0'00066 mg. 1 0'00026 mg. 
0'00260 " 

Slightly brighter. } 
~lightly fainter. Brighter. 

{ 0'00130 " } " " Equally bright. Brighter. 0'00260 " 
{ 0'00260 

,c 
} " " Eqnally bright. Brighter. 0'00520 " 

{ 0'00260 " Brighter. } " " Brighter. 0'00()60 " Fainter. 

{ 0'00260 " Brighter. l 
" " Brighter. 0'00780 " Fainter. l 

{ 0'00260 " Brighter. Brighter. 
" " 0'01500 " Invisible on account 

of glare. Invisible. 

It appears that within limits the presence of sodium in the 
flame increases the brilliance of the rubidium spectrum. The 
brightness of the lilles is raised nnder the conditions to a maxi· 
mum by the presence of sodium to forty pel' cent of the 
weight of the rubidium, and increase in the amount of sodium 
does not further influence the brightness of the lines until the 
proportion of sodium to rubidium is as ten to one; or, speak. 
ing broadly, the difference between the dissociating effect of 
sodium upon the rubidium chloride (to which'we attribute the 
effect noted) does not appeal' to be materially different whether 
one or a score of molecules of sodium chloride are present to 
one of the rubidium chloride. But when the proportion of 
sodium to rubidium much exceeds ten to one the glare of light 
diffused through the entire spectrum <though the sodium line 
itself may be cut otT) begins to affect the vision, and as the 
increase ad vances ultimately extinguishes the rubidium lines 
utterly. The degree of increase in brilliance when the lines 
are at a maximum was detet'mined by diluting the test-solu· 
tion until a coil·full gave a line equally brilliant with that of 
the standard. 
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Test solution. 
Rubidium in a 

Standard. coil-full with -,"i Line of test 
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Rnbidium in a of its weight of compared with 
coil-full (tfti cm3). sodinm. standard. 

0'00066 mg. 0'00066 mg. Brighter. 
"" 0'00048 " Brighter. 
"" 0'00046 " Brighter. 
"" 0'00044 " Equally bright. 

It is plain that at the maximum degree of brilliance the 
sodium is responsible for an increase of fifty per cent in the 
brightness of the lines. 

The details of similar experiments in which potassium 
chloride was introduced into the flame with the pure rubidium 
chloride are given in the accompanying tabular statement. 

Standard. 
Rubidium in a 

coil-full (,i-a cm3). 

Test solution. 
Potassium in 

a coil-full. 

(I 0'00066 mg. {0'00020 mg. 
0'00040 " 

J 0'00020 " 
~ " "I 0'00340 " 
1 " " J 0'00040" t 
I 1 0'00066" f 
L " " J 0'00040 " 

1 0'00340 " 

Comparison of Comparison of 
liues of test lines of test 

taken by pairs. with standard. 

Slightly fainter. } B.' ht . 
Slightly brighter. Ilg el. 
Fainter. } 
Brighter. Brighter. 

Equally bright. Brighter. 

Brighter. l 
Fainter. f Brighter. 

( J 0'00066" t I 0'00066 mg. 1 0'00132 " f Equally bright. 

" " J 0'00066 " Brightel" l 
1 0'00246 " Fainter. f 

I " " J 0'00066 " Brighter. 1 

Brighter. 

Brighter. 

1 0'00660 " Fainter. f Brighter. 

I " " j 0'00066 " Brighter. ! 
I (0'01320 " Fainter. r Brighter. 

0'02(100 " Fainter. Equally bright. 
1 " " 1 0'00066 "Brighter. Brighter. 

" " 0'00066" Brighter. Brig-hter. 
0'02660 " Fainter. Equally bright. 

" J 0'00066 "Brighter. Brighter. 
1 0'03840 ., Fainter. Equally bright~ 

,. {0'00066" Brighter. Brighter. 
0'03340 "Invisible. Invisible. 

" 

" L 
From these results it appears that the presence of potassium 

produces an effect upon the rubidium lines similal' to that of 
sodium; and, furthermore, the addition of 0'0004 mg. of 
potassium in the form of chloride to 0'00066 mg. of rubidium 
also in the form of chloride brings out the maximum bright­
ness which is not materially changed by further addition of 
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potassium up to about 0'0013 mg., but that the increase of the 
potassium to 0'0034 mg. results in diminution of brightness. 
In other words, it seems that a single molecule of potassium 
chloride has approximately the same dissociating effect upon 
the molecule of rubidium chloride in the flame as that brought 
about by a greatel' number, that the presence of potassium in 
the proportion of five parts to one of the rubidium begins to 
influence visibility unfavorably, that when this proportion 
rises to thirty to one of the elements (or twenty to one of the 
chlorides) the lines appear about as distinctly as if no potas­
sium were present, and that an increase of proportion to fifty 
to one may bring about a sufficient glare of light to reduce the 
rubidium lines to invisibility. The degree of increase in bril­
liance due to the action of potassium when that element is 
present in proportions suitable to induce the maximum effect 
is shown in the following record. 

Standard. 
Rubidium in n 

coil-full (,,~ cm3). 

0'00066 mg. 
" " 
" " 
" " 
" " 
" " 

Test solution, 
Rubidium in a coil-full 
with its own weight 

of potassium, 

0'00066 mg. 
0'00064 " 
0'00057 " 
0'00049 " 
0'00044 ., 
0'00040 " 

Lme of test 
compared with 

staudard. 

Brighter. 
Brighter. 
Brighter. 
Brighter. 
Equally bright. 
Faintel·. 

It appears that the presence of 0'00044 mg. of potassium is 
capable of increasing the brilliance of the lines yielded by 
0'00044 mg. of rubidium to an equality with the lines given 
by 0'00066 mg. of the pure salt; 01', that the maximum 
increase of brightness amounts to fifty per cent. 

It is evident, therefore, that means must be foulld to effect 
the separation of the rubidium from sodium and potassium, or 
of bringing test and standard to the same condition as regards 
the presence of these elements, before any reasonable degree 
of accuracy can be expected in the spectroscopic determination 
of rubidium as it ordinarily occurs in nature. The separation 
from sodillm is easily accomplished by the conversion of the 
salts to the form of chloroplatinates; hut for the quantitative 
separation of rubidium :from potassium there is no good 
method known. The qnestion as t.o the practical value of the 
spectroscopic reaction of rubidium for pUl'poses of approxi­
mative quantitative analysis resolves itself into the problem as 
to whether by matching potassium lines as well as the ru­
bidium lines (following the method outlined in the determina­
tion of potassium in presence of sodium), and so bringing the 
lines of test and standard equally under the influence of potas-
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sium, it is possible to make the comparison between the 
rubidium lines trustworthy. It was shown in the former 
paper that in matching solutions of potassium by means of the 
red line there is no difficulty; but the cOllvenience of being 
able to use the spectroscope without readjustment throughout 
the entire experiment made it desirable to see whether the 
blue line of potassium might not serve snfficiently well in the 
comparison. It is hal'dly necessary to reproduce here in detail 
the evidence bearing upon this point, but we found as the 
result that the potassium may be determilled by the use of the 
blue line with an error amounting to 10 per cent or 20 per 
cent, which, though far greater than that inherent in the use 
of the red line, admits of the attainment of determinations 
which should be accllrate enongh for the present pUl'pose. 
We proceeded, therefore, to make a determination of rubidium 
in presence of potassiu m by the process referred to, the details 
of which are given in Experiment IV. 

EXPERIMENT IV. 

S d d 1 . .. J 0'0005 mg. 
tan ar so utlOn contallllIlg l 0'0015 " 

coil-full. 

Rubidium l to the 
Potassium f 

Test solution contained 8 mg. rubidiulll and no potassium. 

Step 1. StE'P 2. Step 3. Step 4. Step 5. 

Preliminary 
Preliminary test matching of KI Hematching of Readjustment iF ina 1 match· 

for Hb. line. Rb line. of Kline. ing of Hb line. 
Test at 20 em3 Test at 20 em' Test at 35 cm j - Test at 35 em3 Test at 35 em3 

gave Hb line g-ave K line like g'ave l{b lines gave Kline like gave Rb line 
like standard, standard when like standard. standard w hen !like standard, 

1 mg. of K had 2 mg. we r e: 
been added. present. ,I 

Rubidium found 35X50XO'0005 = 0'875 mg . 
• , taken ___ ... _________ = O'S ., 

Enor _________________ • _____ = 0'075 " = 9'4 pel' cent. 

It is evident that the pel'centage error is considerable, but 
inasmuch as the application of the process would naturally be 
to the determination of small absolute amounts of rubidium 
we thought it desirable to go a step further to see whether 
means are at hand for sepal'ating large amounts of potassium 
from small amounts of rubidium with an approach sufficiently 
near to completeness to bring the potassium present within 
the limits allowed by the spectroscopic method. After some 
experimentation we fixed upon the simplest possible procedure, 
viz: the solution of the salts.in the least possible amount of 
water, precipitation of the mass of potassium chloride by addi­
tion of alcohol, filtration, and the evaporation of the filtrate. 

AM. JOUR. Ser.-THIRD SERIES, VOL. XLIV, No. 263.-N'OVEll1lER, 1892. 
2; 
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In Experiments V, VI, VII, this mode of working was put t() 
the proof. The amounts of rubidium indicated were dissolved 
in the form of the chloride in water, 0'1 grm. of potasiliuID 
chloride was added, and the solution was evaporated and 
treated as described. 

Rubidium taken Potassium taken 
in the form of in the form of Rubidium Absolute Percentage 

chloride. chloride. found. error. error. 

V. 1 mg. 0'1 grm. O'S mg. 0'2 mg. 20 per cent. 
VI. 2 'I O'l " 1'7 " 0'3 " 15 per cent. 
VII. 1 " 0'1 " 0'0 " 0'1 " 10 per cent. 

The error of the process is manifestly large, and only 
roughly approximate results can be hoped for when large 
amounts of rubidium are dealt with; but, if the question is 
the estimation of only a few milligrams of rubidium, it will 
appear, we think, in view of the fact that the only alternative 
is an indirect process, that even this great error is not abso­
lutely prohibitive of what may be called fair determinations. 




