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SPECTROPHOTOMETRIC DETERMINATION OF PALLADIUM WITH AZIDE

Ray G. Clem and E. H. Huffman

Lawrence Radiation Laboratofy
University of California
-Berkeley, California

August 1964

ABSTRACT

A spectrophotometric method for the determiﬁation of palladium is
presented which utilizes the absorptivity of the tetraazidopalladium (II)
complex at 315 mp. after extraction into n-butyl alcohol and back-extraction
into water. The main factofs which control the color -development and ex-
traction are discussed and the effects of some common foreign ions are shown.
The method offers advantages in sensitivity, color stability, speed and
accuracy. The standard deviation over the optimum rénge from 1.3 to 4.6

p.p.m. is 0.03 p.p.m.

U
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A number of colorimetric methods are known for the determination of

small amounts of palladium (1,7). In general these methods hare one or more

- of the following drawbacks: slow development of color, fading of the color

within a short time so that standards must be made frequently, low sensitivity,

oxidation of the color forming.reégent by air, nafrow pPH range for extraction
and color develophent and low tolerance for 6ther cations. The purpose of
~ this paper'is to present a simple, rapid and accurate extraction-stripping
method for the spectrophotometric determination of palladium by azide ion,
with an optimum range of 1.3 to 4.6 p.p.m. for a 1.00 cm. cell. The color is
formed lmmediately and the calibration standards are stable for months. In
‘contrast to commonly accepted methods 6f comparable sensitivity, this method
can tolerate the presenée of centigram guantities of severa} of the more com-
non base metals and milligram to deq?milligram’amouﬁtsiof gold and the pléti—‘
numametéls, except platinum itéelf,. Siiver, lead and platinum interfere and
- must be removed prior to analysis. ”

‘Spectrophotometric‘stu@ies by Sherif and Michail (8) of the azide-
palladium system in.the visible spectral region revealed ﬁhat‘the diazido,

tetraazido and, possibly, the monoazido palladium (II) specles exist in water

or in water-acetone mixtures. The molar absorpﬁivity reported does not appear

io merrit_develoément of an aﬁalytical method using the visible spectrum.

‘ Investigations invthis laboratory in‘tﬁe ﬁear ultraviolet spectral région have
| been reported fo show the probable existence of the pehta-vand hexaazido
pallédium (I1) species in ethanol (é). The tetraazido species, used as the
basis for'the_anélytical method presented here, exhibited aﬁ absorbance peak
at 315 mu With a high molar absorptivity in aqueous solutions. . It can be .
’.extracﬁed into n-butyl alcoholjfrom acidic‘azide solutions and back-extrécted

into neutral azide solutions.
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- EXPERlMENTAL
_ Apparatns -A1l absorbance measurements and-spectrum scans were made pj
nlth a Beckman’ DU spectrophotometer equlpped with a- photomultlpller tube,v :‘
using matched 1.00 cm. 51llca cells. The pH.measurements;were-made-with‘a-
'Beckman Model 76 Expanded Scale pH meter Separatorwannnels with Teflon."
' stopcocks were used to av01d contamlnatlon of the organlc solvents with grease.
Reagents. Reagent grade chemlcals were used'unless otherwise spec1-_.
- fied. A 0.1000 gram quantity.of shiny,_spectroscopically pureepalladium metal
vsheet.was dissolved in hot-aoua regia and boiled repeatedly with concentrated
vhydrochloric acid nntil.all'nitrate'was expelled, aslshown by the_brucine
test (5). After evaporation to near dryness the residue_was taken up in a
minimum amount of 1hydrochloric acid and made to 100 ml.. A working solution
=conta1n1ng 25 ug palladlum per ml ‘was obtalned by dilution of the stock
.,solution
Practical'grade sodlum aaide,'with a 98.5% purity as‘determlned by
" the Volhard method, was recrystalllzed by the Pepkowitz procedure (6) and a'
0. 50 M solutlon prepared
A buffer of pH 6.5 was prepared from disodium phosphate heptahydrate v
. and monosodlum phosphate monohydrate, O 5. M in each. The pH may vary from
6.3 to 6 6 rqepending upon the exact water content of the salts used, but thls ’
- variation is of no consequence - r L ';-- : f ?>
.The common .cations used in the rnterference studies nere in the form

of elther chloride or sulfate‘saltst The enions were in the form of either

‘sodium or. potassium salts. Platinum metals, with a purity of 99. 8% or hlgher,
were made soluble by a chlorination procedure (h)

P .Preliminary Tests. At the outset it was observed that the yellow .

palladlum aZ1de complex, which forms immediately, . could be extracted 1nto

' -butyl alcohol and isoamyl alcohol from acidic azlde solutlons, but only in
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the case of ngbutvl alcohol could the color be back extracted into neutral
aqueous azide solutions..QThe isoamyl alcohol resisted strippiné.of palladium-
neven at pH 11-12, Among}other solvents tried as extractants'without success

:_’uere ethyl_and diisopropyl ethers and diisobutyl and methyl ethyl‘ketones.

- The solubility of n-butvl alecohol in water is 10% and it forms an emulsion,
bwhen shaken with water alone? which separates very slowly. The addition of
a high concentration of an~indifferent salt suppresses the water solubility

: © . and effects a rapld phase separation |

" Recommendéd Procedure.' Eveporate samples containing Lo ll5 mg pal+

:'V-_ladium; from which excessive amounts of interfering elements have been removed,
to near.dryness twice under a heat lamp with 2-3 drops of'concentrated sulfuric

acid or 6-8 drops of 85% phosphoric acid, and cool. The selection of acid

depends upon the cation solubllities involved. Transfer the solution to a

':,~ 125 nml. separatory funnel ‘add 2 ml. of 0.50 M sodium azide and 5 ml - of

elther l O M sodium bisulfate or 1.0 M monosodium phosphate Adjust the
volume to lO 15 ml and test the ‘pH, which should be below 2.7, with pHydrion
vz{gipaper. Add 10 ml. of n-butyl alcohol and extract. the palladium by shaking
'; viéorously‘for one minute, Discard the aqueous layer. Rinse: the ektract with
10~ l5 ml. of an aqueous solution containing a21de, salt and acid as above.
'_fif-ﬁfk. . Ada 1 ml. of 0.50 M sodium azide to the organic phese, swirl briefly
: and then add lO ml. of pH 6.5 buffer. Back-extract the palladium by shaking 7
o vigorously for one minute and drain the aqueous phase into a 25 ml. volumetric
i flask. Rinse the funnel once by shaking for 5 seconds with 3-5 ml. of water
.5‘ and once with one ml. of 0. 50 M sodium az1de plus 5 ml, of the buffer solution.
| 'Add these rinsings to.the flask and make to- volume. "‘ - R ' ,I“h
.*rfixj . i .~ To each of five 125 ml. separatory funnels add one to five ml of the
solution containing 25 ug. palladium per ml. then continue as described

‘above for the extraction and stripping. Against a_blank containing all
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'_ components but palladium (the blerk néed not be extractéd);,obtain and plot
the absorbances of the five solutions vérsus the concentrations.  The same -

caiibration curve is obtained regardless of whether sﬁlfuric or phosphoric_'

 acid is used in the .preparation of the solution for extraction. - If it is

known that no interferinga‘ionSVare present, the colorrmay be developed without -

 extraction of either the sample or the standards for calibration,

RESULTS
Spectrum s¢gn$.5re-shown in Eigﬁfe 1 fof_the ?élladium agidé complex
in water'ahd'in n-butyl aidohol extracts, as well as'forithe reagents used in
"thévcolor,dévelopment. The concéhtratipns-of.azide and»éf phosphate scannéd '

_are 25 and 1.7 times, réspectively, the concentrations present. after color

3

development. Beer's Law is obeyed by the aqueous,sqlutioh over'thévcdncentra— »

tion range from 1 to 5Vp.p.mQ The optimum ranggvfor_l.OO'cm.~cells is from
1.3 to 4.6 pg. palladium per ml..
Several solutions preﬁaredlovef~the range-cf'l—S ﬁ.p.m. gave an ab-

-1 yith & standard devigtion of 0.002, cor-

' sorptivity.of_0.155 p:p;mf_l>cm.
responding to a 1.5% relative standard error. A study of deviation on 17
samples'varying from 2 to L p.p.m.'gave the results shown in Table I.

L

’
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Pd added, p.p.m.

Pd found, p.p.m.; ave.
Range

No. samples .

Standard deviation,
p.p.m.

Relative std. dev.

.Std. dev, pooled, p.p.m,

" Table I.

2.00

2.03

. 2.01-2.0k4

>

0.046

2.3

0.0%2

Reproducibility

3.00
3.00
2.95-3.07
>

0.0k

1.5

k.00

3.94
3. T7-4. 0k

0.029
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COLOR DEVELOPMENT
The following tests were made with 100 pg. (4 p.p.m.) palladium ex-
cept in the last series, as noted, and the effects were obtained by developing

the color without extraction.

Effect of Azide Concentration. When the azide concentration was

varied from 0.001 M to 0.1 M in small increments, the color intensity in-

. creased rapidly up to 0.008 M azide, afte? which it became constant. Three

solutions, with azide concentrations of 0.001 M, 0.01 M énd 0.1M, wefe allowed
to stand for tﬁo months. The absorbance values of the last.two solutions did
not change during this time but the 0.001 M azide solution contained many
golden flaky crystals, and the apsprbance of the supernatant solutidn did not
differ from that of the blank. Half molar solutions of sodium azide were
effective for color development for at least two months after preparation.

Effect of pH. Figure 2 shows the effect on ﬁhe color development,

using 0.01 M azide, of varying the pH from 3.3 to 10.0. Hydrazoic acid.is

weak (pK'= 4,72) and ﬁp low pH values the azide ion concentration is suppressed,
giving low percents of meximum color development. At high pH values the pal-
ladium complex probably hydrolyzes, thus acco;nting for the suppression of

color development.  The phosphate buffer systém was choéén because it has a high’

buffer capacity in the optimum pH region from 4.6 to T.3.

‘Effects of Chloride and Phosphate. The tetrachloro palladium (II)

 complex, which has a dissociation constant of 6 X 1o‘lu‘ (10), is well known,

and both higher and lower chloro complexes have been reported. (9). Phosphate

+ - apparently forms a highly dissociated complex with palladium, as shown by the

following experiments. Palladium ion (as perchlorate) exhibits én absorbance-ﬁ

peak at 380 mp with a molar absorptivity of 86. The addition of phosphoric

3

acid to 4 ?(lO- M palladium perchloiate in 0.5 M perchloric acid, holding

- the ionic étrength at 1.0 with sodium pérchlprate; causes shifts in the.
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absorbance. An ihcrease‘ln absorptirity‘is obeerved in_O;OlvM phosphoric

: acid'solutionpbht'thenébéorbanee'peek remains at 380 mu. A peak shift. S
beCOmes perceptlblevwhen-the concentration of phosphate is increased to'O.l M, |
and the peak shlfts t0 near 390 mp at a phosphate concentratlon of 0. 5 My with '
a correspondlng molar absorptivity of 106. These changes are shown in Fig. 3,

except for the 0.01 M phosphoric acid solution.

Although phosphate and chlorlde both form complexes wmth palladlum (11), .

phosphate_does not 1nterfere with the azlde color develOpmentvun&er the con-

ditionsifor analysis and»chloride interferes only‘elightly: Wlthfconstant .

concentrations of 2 p.p.m. palladium, 0.0k g»azide and 0.6 M phoephate buffer,”v-r'
at pH 6.5, the chloride concentration wasvvaried from 0.016 g'toro.64 M. Up -

to avchloride cohcentration of‘0.0B M the absorbance'was ,the same as ln thé S

absence of chlorlde but &t, or above, 0.16 M chloride there was a constant -

negative devmatlon of 3% . The same absorbances were obtained,ln thevabsence]
of phosphate{ with the pH adjusted to_the'reglon of‘the plateau (Figure 2).

Gross variations in ionic strength thus have no effect on the absorbance.

_ EXTRACTION
Palladlum was held at 100 pg. in all extraction studies except~thosev 
for determination of the extraction range. Color inteneity was‘obtained after
nextractron and back-extractlon, as described under the recommended procedure,
- unless otherwise speclfied.

"Effect of pH. Figure 4 shows the effect of pH on extraction into n-

‘-bbutyl alcohol when the volumes of agqueous and organic phases were 10 ml. each,,‘.
and the concentrations of azide and monosodium phosphate were 0.1 M and 0.5 M,
respectively. - The pH was adjusted by. dropwise addition of 85% phosphoric acid

. or 10 g sodium hydroxide. A similar curve was’obtained when sodihm sulfate and'



sulfuric»acid were used. The pH‘of fhe aéuebus phasé was obtaingd each time
after extraction aﬁd tﬁe absorbance values read either for the back-extracted
color, if more than 50% of the color was judged (visuélly) to be extracteéd,

- or for tﬁe aqueous‘phase after neutralization, if less than 50% was extracted.
The absorbance maxima at 315 mg, shown in Figure 1 for the n-butyl

| aléohol extracté, indicate that the extracted species is the tetraazido com-

| plex of palladium (2). The coldf intensity of the organic.phaSe is very
sensitive to small pH changes in the-aqﬁeous phase. Theiyellow color appears
inithe organic phase only betﬁeen aqueous pH values of 2,0 and 2.7 and a change
of 0.44 pH units (pH 1.81 to 2.25) induces a difference of 24% in the ab-
‘sofbanée values. For this reason it is not ad&iséble to read the absorbance
of the n-butyl alcohol extract. 'Below pH 2.0 a red iﬁsoluble material appearé
either as a colloid suspended in the alcohol phase or as a coagulated pre-
cipitatelat the phase interface,. This material, thought to be pélladium
azide (2),in novway impairs the performance of the extraction ana back-
extraction. |

Effect of Azide. The azide concentration was varied from lO'l to

: 10-u M,:with the monosodium phosphate held constant at 0.5 M. The pH was
adjusted below 2.7 with phosphoric acid and the volumes of aqueous and organiec
phases were 10 ml. each, as abofe. Quantltative recovery of palladium was

found until the azide cOncéntratién dropped below 5 X lO-3

M. Below this value
some reduction of palladium occurred, as evidenced by the sdattering of re-
sults and by the collection of a black powder at the phase interface in the

case of the 10"” M azide.

Effect of Chloride. Chioride, unlike azide, is completely ionized at .

‘at all acidities and, at low pH,is a very effective complexing agent for pal-

-ladium, The chloropalladium complexes are not extracted into n-butyi alcohol.
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" To achieve quantitative recovery in the extraction step,.ehloride_should be
‘kept below 0.002 M. For example, 90% extraction was found &t 0.01 M chloride.
This is the pfinciple.reason for displacement of volafile‘acidsvin the

' reeOmmended procedure. The amount of chloride introduced with the dilute
palladium stock for preparing the calibration curve is negligible.

"Extraction Range and-Volume Ratio. Quantitative recovery was ‘achieved

for 25;150 pg. palladium under the'eonditions in the recommended proeedure.v
’aﬁd‘96% recovery for‘éOO_Hg. The.upper.limit for quantitative extraction is
ﬁell abeve‘the 115 1g. palladium whieh a;lows the optical absorbance to re;
main-within the optimum range; hence, the extractiQn is nof a limiting factor
in the analysis. .Again with the same selution conditions,bthe'vdlume of n-
butyl elcoho; was held at 10 ml.:and the volume of aqueous phase Qaried from
TTI0-ml .. to.5O ml.; Quantitative extraction was found up tola volume ratio of

5 1 aqueous to' organlc, but the recovery dropped rapidly beyond that p01nt

to 78% at a 5:1 volume ratlo.

"EFFECT OF FOREIGN IONS
. The largest relative stanaard deviation shown in Table ivwas taken'es
i a criterion to establish interfefence levels., The amounts of catlons llsted _"
in Table II w1ll not produce more than 2. 3% error for 50 ug. (2p p.m.)
palladium. These cations were selected~e1ther because they are common im-
purities oceurring with palladium 6r.becau5e they may be added as metals to
reduce palladium in separations, and were‘tested in the-falence state in which
. they would normslly oceur.: Interference levels were determined in the ease .
- of the base metals by descending -in 10 mg. éteps,from 50 ‘mg. uﬁtilvan'error

of less than 2.3% was reached. ' Interference levels for the platinum metals
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Table II. Tolerance for TForeign Catlons

Foreign catlion | Max. mg. giving less
than 2.3% error

m® | o ‘10
Fe | >50.
Co 10
Vi ; | | 40
Cu _ R 20
Zn . >50
Ag” . o <10
ca - >50
Au ) : | 0.5
Pb° - ' ' ~ <10
Ru A | . 0.5
Rn . 6.0
Os _ _ 0.8
CIr ' : . i : -
P L <0.03

®yith 0.2 M azide; not all Pd extracted with 0.1 M azide.

bPreCipitate with azide carries 10-20% Pd.
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were established by descending from 6 ng. in deéimilligram amounts. Platinum
" is extracted and back extracted with palladium and'causes high results,
Silver and lead precipitate as azides and entrain 10-20% of the palladium.
Aluminum ié evidently strongly complexed by azide and will caues low results
unless a ratio of at least 3:1 azide to aluminum is present, plus the.con-
centratién necessary for the pailadium extfacﬁion. Fluoride does not nprevent
this interference by aluminum. :Methods are given in the literature for

- isélating trace amounté of palladium from plafinum, lead, and silver..(S).
Some. cations, sucﬁ'as some platinum metals and copper, follow.palladium in
the extraction; however, the amounts extracting d@ not interfere in the sub-
sequent determinétion, except for platinum itself.

The interferences causedﬂby chloriae have been discussed. Inasmuch
as this anion must be removed by volatilization it was not deemed necessary to
tgét a large list of volatile anions. Nitraté absofbs strongly at 315 myu but
preéents no problem as it does not follow palladiﬁm in the extraction, even
if 1t were ndtbfémoved by volatilization. Perchlorate causes né interferencé
ahd the other common non-volatile anions; sulfate and phosPhaté, are used in

the procedure.

-
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Figure 1. Absorption spectra of analytical specles and reagents.
o @ 5 p.p'.m; Pd in n-BuOH; pH 2.25, aq. phase

O 5 p.p.m. P4 in n-BuOH; pH 1.81, aq. phase

A 2 p.p.m. Pd, back extracted, pH 6.5
1.0 M NaN

A4 -3

{> 1.0 M phosphate

Figure 2, Effect of ‘pH on color development.

Figure 3. Effect of phosphate on absorbance-wave length curves of 4 X ZLO-5 M

O 0.5 M K,F0,

e | 0.1 M H,PO)
D 0.0 M H,PO)

" Figure 4, Effect of pH on extraction with n-butyl alcohol.
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or for damages resulting from the use of any infor-
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with the Commission, or his employment with such contractor.








