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The formation of the tetraazidogold (III) ion is indicated by the mole 

ratio method and confirmed. by an analysis .for.azide on an evaporated sample. 

A spectrophotometric method for the determination of gold is based on measUring . . ' 

the absorbance of the com,Plex at 325 llij..L in water, for gol.d alone, or ~t 330 
. . 

m~ in ann-butyl alcohol·extract. Factors.which control color development, 

color stability, ·and ·extraction are discussed .. and the effects of common foreign 

ions are· noted. ·From 1.~ to 5.3 .p.p.m. give. absorbances within the- optimum 

range, tho~gh Beer's law +s followed well beyond these limits. 
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. . 
-Few methods for the spectrophotometric determination of gold have 

·appeared ·since.·the review given by Sandell (lO),·.most of,which use organic 

reagents for color dev~lopment. Phenyl a-pyridyl ketoxime has been used to 

e~ract and determine 4 to 10 p.p.m. of go.ld; fo~ platinum metals, as well 

. as a number of other transition metals, are tolerated in mil.li.gram amoirots. (1i) · . . . . 

Hydrazine· and sulfurous acid/have bee~ substituted for stannous ion in copre-

cipitating gold with tellurium prior to its determination with rhodamine B: (8). 
. I 

. . 
Chloropromazine has been used as a colorimetric reagent for 0.5 to 8 p.p.m. of 

. . . 
gold; a large number of common cations are tolerated, but platinum and pal-

· ladi\.un. interfere ( 7) • Methyl violet forms a compl_ex with gold which can be 
J . 

extracted by halocarb~n solvents, allowing the determination '"of gold in the 

range from 0.4 to 1.4 p·.p.m. in the presence of platinum (5). From 0.5 to 5 

p.p.m. of gold can be det~rmined with thio'cyanate but a. number of common cations_, 

as .well as platinum and palladium_, interfere (4)". The original bromide method 

has been modified by th~ intro"duc.ticm o.f. ·trioctyl phosphine oxide as an extrac-
. . '\ ; 

tant for gold into chloroform.(6) •. : .·,'The:optimum range is from 6.7 to 33.2 p.p.m. 

and most of the hea.vy 'metals are tolerated;_ 

The optical-absorbance of the tetraazidogold (III) ion is made the basis· 

. here for the determination ~~ gold in xhe opti~um ranges from 38 to 127 ~g. . . . ' . . ' 

_.in 25 ml. of water, ·at 325. m!J., or from 15 to 53 ~g:. in an extract made.with 

10 ml. of n-butyl· aicohol, · at 330 nij..t.. ' The color :Ls ·develop~d immediately and 
' . 

is s~able for about 15 minutes in water and for about 8.minute~ in then-butyl 

alcohol extract. The color reagent, ;J-.0 ~.sodium azide, is :st~ble for months. 

·The plat:t:num metals_,: exclusive of ruthenium an~ osmium,- do ~ot interfere in 
i 
· .. ~illigr~_amounts if_gold,~s extracted and read"in the alcohol phase. 

-- ,, 
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EXPERIMENTAL 

Apparatus. All .absorbance measurements and spectral scans were made 

with a ~ckman DU sp~ctrophotometer equipped with ~ photomultiplier ~ube, using 

1.00 em •. silica .cells and, when necessary, 0.90 em. s~lica cell spacers. A 

. Beckman Model 76 ~?'Panded scale pH meter was used f'or all pH measurements. 

Separatory funnels with Teflon ~topcocks were used to avoid gre~se cqntamina-

t:i,on of the organic solvent. · 

Reagents. Gold sheet, containing less than 0.02% copper as the only 
. . 

impUrity (~pect'rographic analysis)) was: dissolved· in aqua. regia, boiled. with . . . . 
. . 

concentrated hydrochloric· acid, heated just to fumes with perchloric acid, 
' . . ' 

cooled, and made to volume to give a 0.1000!:! gold st.ock solution. Aliquots 

of the stock solution were taken for gravimetric analysis by reduction-of the · · 

. gold with hydrogen peroxide; no gold was lost in t.he process of solution. The 

stock solution was o.4oo M in chloride, as' shown by .titration of the filtrate - . 
py Faj~'s method, and 0.411,~ in. hydrogen ion, aft~r allowing for the. hydrogen 

ion formed by oxidation of' the· peroxide •. Other gold solutions· were prepared . . . 
I -~. . 

by dilution qf the stock solution. The .10 M solution used in preparation of . .. . . -. . 
. . 

·the calibration curve~ was· made 0.12 Min hydrochlori~ acid and was remade 

.every 5 days_. All_.gold solutions were kept.:.in the dar.k. 

Practical grade. sodium azide (Eastman) having ·a purit~ of 99.2%, as 

determined from the hydrogen ion ·consumed on oxidation with nitrite (2), was 

used to make 1.00!:! and 0.1000!:! solutions •. :· Initially, .th~ solutions were 

siightly turbid and· colored, but ·on standing f'?r two we~ks t.hey clear~d and 
. . 

' · . precipitates settled out. Spectrographic analysi~ showe~ that the precipitates 

contained aluminum; calcium,.magnesium, and iron,· but that only traces of alu­

minum and calcium remaine~.in the solutions. These aged solution~ were used, 

and no attempt was made to purify ~i_salt by recrysta~lization with organic 

- \ .· t) 
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solvent~ (9·,i3), since .the metal impurities would probably follow. The azide 

concentra~ions remained cpnstant during the precipitation, and are stable for 

at least three months .. 

A buffer was'·prepared by dissolving 1 mole of monosodium phosphate 

.. monohydrate (B~er and Adamson reagent) in 800 m1 .. of water, adjusting the 

.. pH to 6.00 with 10 ~ sodium hydroxide, and di~:uti_ng to 1 liter. .The platinum 

metals ~sed were described in a" previous paper (1) .. Reagent grade mercuric 
. . ' 

. . 
and silv~r nitrates and purified tellurium metal (Fisher) were.used in the 

. I 

interference tests. 

Preliminary Tests. The tetraazidogold (III) ion,, which forms immed-

iately in water, was. found· to. be extracted· from acid solutions into n-butyl· .... 

'alcohol,. isoamyl alcohol, and diisopropyl ether; the· complex is· reduced to 

· metallic gold at high pH. The n-butyl alcohol was selected because it permits 

the back-extraction of traces of the platinum metals which may accompany the ' . 

gold. A high concentration of ail indifferent salt·~ Stf~h .as ·the phosphate buffer, 

prevents emulsification and effects a fast pha·se separation. 

Procedure. Gold alone·,. in the optimum range from 38 to 127 IJ.g., may 

be .determined_by reading the color dire~tly in aqueou,s solution. Transf~r to 
\ 

.~5 ml. volumetric flasks an aliquot of the unknown and sufficient aliquots' of 

the 10-
4 !:!_:~old solutio~ to de~ine a calibrati.o~ curve in .the· optimum absorp-

.. 
t;l.on range. ·Add to each flask·.2.5 ml. of 1.00 M so?-i.um ·azide and 12.5 ml. of . 

the pH 6.00 buffer, and dilute to volume. Obtain the absorbance values within 

15 minutes of preparation,. at· 325 m!J., against a blank containing all components 

but ·.€?old. 
' ' 

Gold in the presence of the tolerated platinum met'ais is· determined by 

extraction. Add ·the sample solution to a· 125 ml. separatory ~el; ·add 5.·mi . 

. of the pH 6.00 buffer and 2 ml. of 1.00· M sodium azide· and adjust the volume · .. . ·-· . . 

to lO, ml.· Add lO.o mJ. •.. ot n~l:>utyl alcohol an'd extraot by shaking :f'or. 39' eer:onde. 
--........... 
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~scard the aqueous layer and wash the organic .phase by shaking for 30 seconds 

with 10 ml. of solution containing 5 ml. ·of the buffer and 2 ml. of the azide. 

Withdraw 4 .ml. of the n-butyl alcohol laye.r with a Spitzer and expel it int.o 

.. a 1.00 em. absorbance cell through a small tuft of cotton supported on a micro-­

. funnel. 'Measure the absorbance within 8 minutes, at 330m~, against a blank . . . . . 
which has been carried through the same procedure. Obtain a calibration curve 

by carryi~g ~liquets con~aining ~5 to·53 ~g. of gold through the same procedure. 
. \ 

' ' 

If gold alone is determined by the extraction procedure, back-washing of the . ' . . .. . 

·organic phase .is unnecess~y for both the sample and the calibration aliquots. 

'RESULTS AND DISCUSSION 

Pl;'ecidon. Be.er Is law is obeyed by both the extracted and unextracted 

solutio.ns; the quantities for the optimum abao.rpM,on 'range are 38 to 127 ~g. 

in 25 ml. of water and from 15 to 53 ~g .. in the alcohol extract :for. 1.00 em. 
A. 

cellS. The volume of the organic phase increases during the extraction from 

10~0 ml. to 10.9 ml. The absorptivity, based on the initial 10.6 ml., is . 
( ) -1· . _;1 44o ' -1 -1 0.1321 :t 0.0017 std." dev. ·p.p.m.. em. or .0.1 · p.p.m. em .. based on 

' . i' 
·. 10.9 ml. The volume returns to 10.0 ml. !during back-washing and the absorptivity 

is then b .. 01297±o· •. ooi6; p. p.m. -l em. -1, indicating. a loss o:t' ~bout 1. 8~ of the 

gol~. The absorptivity of ~~e aqueous solution Without extraction is 0.1368 ± ·· 
. . 

0.00020. When the .aqueQUS to organi~ volume ra~io·is increased from 1:1 to 

3: 1, the absorbance qf .. the. extract i~creases· linearly at the rate of.~~ for 

ea~h· 1~ ,increase in volume ratio,· due to the increasing loss of alcohol into 

the ~·queous. phase .whic~ 'is,.·.not co~pensated by an i~creasing amount of water in 

the alcohol. 

·statistical summaries· of.the re~~ts obtained for the three types of 

solutions are given in Table I, .. 

-

I 
• l 

. ' 
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Table I. Reproducibility • 

. . 
" 1-LS· gold 

Added Found Range . . 

Extrac~ed; not back-washed 

9·85'. 9~9(2) 9.8(5) - 10.0(0) 

19.70 19.9(5) 19.6(7) - 20~1(7) 

. ·29.55 29.7(5) 29.4(5) - 30.0(6) . 
39.4o .. 39.0( 4) 38 .. 7(4) - 39.2(7) 

)1-9:. 25 49.1(6) lj-8.7(1) - 49. 4:(.7) 

'59.10 58.6(8) 58.5(3) - '58.9(1) 

UCRL-11939 

Std. dev. 
J-Lg. 

0.26 

0.28 

0.23' 

0.34 

0.23 

.. 3 ~68.~5 ~.3(5). 68.3(5) - 68.3(5) .. o.oo 

2 78.80 78:9'(2) 78·5(4) - 79-2(~) 

' . Std .. dev. po~led, Z(n- 1) = 20 : 0.30.J-Lg. . 
... ;.'·J~~~· 4 ( ..... ~ •• • :.'·.::·,·· ... :.:: ,. •• i,.. ..... ! ~ ;.-:: :~ ... , : 

.• 

5. 

.5 

5 

·I 
... ,. 'i ;I.: ... 

'· .: Extr.ac~ed;_ back-washed 

19.70 

39.4o 

19.5(8). . '19.3(5) :.. ·19.·9.(7) 

39.6(8): ·. 38.5(5) -. 4o.2(5) 

59.to· · 58~'9(0) 58.2(1) ~ 59.2(i) 
. . I 

•,t \. 

Std. dev. pooled, Z(n.-. .:. l) =: i2 : 0.33 1-LS· 

Not extracted ,,..,. 

5 39.4o . 39.1(0) -38.2(0) - 4o.O(O)· 

5 78.80 .. "78.7(8) . '78. 5(0) -. 79 .. 1(3)·. 

. 5 137·9 
.. . 138. (9) 138. (0) ·--:·.i38. ( 9) 

Std. ·dev. pooled, Z(n . - 1) = 12 : o. 39 J-LS. 

--

0.26 

0.73 

0.44 

o·.62. 

. 0.26 

0.30 

·. ; . 

.. . 
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,· Composition of the Complex·. Figure 1· shows spectral scans in the near 

ultraviol~t.region o~ the gold azide complex in water and inn-butyl alcohol, 

taken against appropriate blanks. These blanks are; respectively,.an aqueous 

solution containing all constituents except ·gold,and n-butyl alcohol equili­

brated w1 th such· a solution.. · Scans ~Of these blanks are also shown, read against 

the respective solvents. _-If the scans of the complex are continued into the 
' ' . 

visible region of the spectrum they show.a gradual diminution in absorbance. . . , 

The mole ratio ~ethod of Yoe and Jones (14).was used at 2.x l0-4 ·M and 
~ ' . -

2 x lo-5 !:! gold and at ~zi~e to ·gold ratios from 1:1 to 8.:,1, in the region of 

maximUm absorptivity.· To· suppress pos~ible hydrolysis of the azido-gold ion, 

the pH was'regulated with sodium hydroxide or perchlo!ic a~id to 4.07 ±·o.lo 

or 3 •. 89 ± 0.14, respectively, for the.two conce~tration levels •. ~11 solutions 

were made to.l.OO ~with sodium perchlorate to maintain constant ionic strength 

and were read against.blanks containing gold (III) qhl~ride and sodium per-
. ' 

chlorate at the sanie concentration and pH levels. Sharp breaks ~t a ratio of 
-4 .. 

. 4:1 azide to gold are shown in Figure. 2 13.t· the 2 X. 10 . !:! gold level, .indi.- .· . 

. eating negligible diss6ciati~n :of tetraa'zidogold (III) iori. . . . : .. · A similar set of 

curves at the 2 x 10-5 M gol~ level also! show~ shar~ breaks, - ' 
but at a ·slightly 

'· 
higher than .4:l.ra1?io. This is probably e~plained by the slow oxidation of 

azide by gold (III), so that ~he· apparent -ratio .... of azide to gold is higher than 
. . . 

the true ratio. At 2·X 10-5 !:!' finely d~v:i.ded gold appears in less than half 

an hour at rat:j.os le~s than 4::).. and within a few hours at ratios greater t~?-an 

4:1. ·At higher· conc~ntrations ·the solutions a~e more stable for the corre-

spending ratios.· All of th~ foregoing results could be interpreted to indicate 

the primary formation of 4iazidogold (I) ion by the reaction 
. : 

. . 
__./,· 
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'· 

instead of the fo~tion of tetrazidog9~d(III) ion • 

. , T~e addition of sodium or potassium azide to gold (III) chloride has 

been. reported to form explosive orange colored needles upon careful evapor.a- . 
. . 

tion of the solution (3). ·N~ analysis was reported ~or the product, but it . 
. ·•· . . 

__ has been referred to as AuN
3 

(12)._ Repetition of this preparation in the 

pre.sent work, using a ·ratio of 10:1 azide to. gold, gave a similar product 

which readily redissolved in water. The solution had an absorption maximum 
. 

at 325 m~, indicating the presence of the same complex ion as above. Anothe~ 
' 

preparation by evaporation at·pH 7 using 4:1 azide to gold, was analyzed-for 
. . ~ . . . . . . 

azide (2). Ratios of 1:3.89 and.1:3.98.were obtaihed, indicating negligible 

oxid.S.tion of,azide ?Y gold (III)~ rt·appears that the earlier preparations 

gave sodium .and potassium tetraazidogold (III) .salts rather. than gold.'(I)· 

azide, and that the tetraazidogold (III)· .c~mpl~x is the a?sorbing species used 

herein. 
'· 

Color Development in Aqueous Solutions. In the following studies ~ ·: 

·the·pH,. the gold concentration, and the azide concentration were held constant . . . . . 

. ··at 6.oo, 39.4 ~g. and 0.02 !:!' respective~y, 'unless otherwise .indicated .. ,.Ab­

.sorbances were read at 325 · IllJ.J:~ • ' 

. Effect of-Azide Concentration. The color intensity is insensitive to · 

changes in azide co'ncentration provided that it_is kept.greate;· than Ei x 10-3 !:!· 
·.· . .· .. . . . 4 . 

On decrea~ing the azide 'concentration to 2 ?< 10"': ·.~the color intensit:( decreases 

· to 77~ of it~ maximum value. 

Effect of pH'. ·The· pH was vari.ed from 1 to 9 by adjusting with either 

sodium'hydroxide or perchloric acid, while maintaining the ionic·strength at ~ 

1.00 with sodium perchlorate. The color _intensity remains constant in the·pH 

. interval from 4.35 to·7.00, but· decreases slightly outside. of these limits. 

·\ For example, th¢ intensity decreases to 93~ and 97'fo of its ma.Ximum value at 
' 
' ' 

·· pH l.OO e.nd pH 9.00,. res;pect':Lvel;y. · 
__./' 
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. · Time Stability·. A study of absorbance v.ersuf? time was made over a 70 

minute in~erval while exposing the sample continuously to the fluorescent 

lights .in the work area, except duri~g the time necessary to.obtain the ab-

' sorbance values. The color ~ntensity decreases at the rate of ~ per 15 min-
·, 

utes of exposur.e. For this reason more. samples should not be prepared than 
•I • . · . 

. can be read in 15 minutes·. If the developed samples are. kept in the dark, the 

decrease is less than 2% in 1 hour • 

. Extraction and Color Development 'in n-Butyl Alcohol. For the following 

.• studies conditions'were held constant at pH 6.00, 0.5 M phosphate buffer, 39.4 
I • • - I • • 

~g. gold, 0.2 ~azide, and phase volume ratio of 1:1, unless otherwise indicated. 

· Absorbances were read at ·330 ~· 

Effect of Azide. Concentration. The color intensity _in the extracted 

phase remains constant for 0.1 ~ ~o 0.2 ~-~zide in the aqueous phase, but de~ 

.creases from the maximum value l;>y 7% and 8~ upon. decreasing the azide ·con-
' 

ce~tration to 10-~ ~ and 10-3 ~' respectively . 

. Effect of pH. Spectrophotometric examination of the aqueous phase - . .. 

indicates tp.at at least 99fo o.f the gold. is. extracted at pH .. 6.00. The color 

il'!-tensity does not. change, when. correct~d for blank a_bsorbanc.e, in the ,pH 

_interval from.2.7.tq'7.1. ·At pH_values lower than 2.7 the abso~bance decreases; 

e. g. , 93~ of' the ~imum absorbance is found at pH 1. 90. ·.At, high pH values 
• • • ,.J • 

. ~he gold is reduced. The ext:r;ac.ted ~lank has an absorbance which varies from 

0.074 at pH 1.85 to 0.010 at P.H. 7.90, presumably due to hydrazoic acid. Use . ~ . 

·of the buffer·in preparing.both'sample and blank eliminates the effect of this, 

variarice. 

\ 
Time Stability_.. The color intensity decreases at the rate of 't!f> per 8 

\ ... minutes· in ~ight; as described ~bove; and le_ss than ~- in· ·1 ho~ in the dark . 

. ' 
1·, . ' . 
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Effect of Foreign Ions.. Gold is easily reduced to. the metal and thi_s 

property ~erves well to separate macro to semimicro amounts from gross quan-

tities of other metals. Reduction and coprecipitation with tellurium is used 
. . 

to isolate and concentrate micro amounts (8,10). BeGause of th~ ease of this 

separation, an extensive list of diverse ions was not studied. If sulfUrous 
. . 

·acid and hydrazine are.used for the reduction (8) ·and the precipitate is re• . . .. 

dissolved in aqua regia, only tel.lurium, silver, mercury, palladium, .and· 

platinum will follow as impurities (10).· Non~ of the~e ·elements interfere 

when present in 1 mg. quantities; using the extraction procedure with back-­

washing, even though the silver is precipitated as chloride and the teiluri~ 

is presen~ as the ~ioxide at ·pH_ 6.00. Of the platinum metals in 1 mg.· amounts, 

only osmium and ruthenium interfere, because gold ~s reduced to met~~ by azide· 
/ 

.in the presence of these elements~ They may be removed either by tellurium 

·.or by volatilization ( 10) •. 

The anions chloride, perc;hlorate, sulfate,. and.phosphate in 0.1 M 

concentrations do not interfere in either the direct or extraction procedures. 

Cyanide, a strong complexing agent for g~ld, must be absent. Nitrate inter-
. . . 

feres with the· direct procedure because .1 t absorbs strongly in the ultraviolet 
. I . . 

' I 

spectra). reg.ion, :but it does. not. follow gold in the extraction· procedure when 

present in 0.1 M concentration. 

' ., 

' . 
I . 

,. 

: ,, 
' .. 
. . ~ ,, . 

•. 
~· 

I ,. 
1: 
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FIGURE CAPriONS 

Figure l. A.bsorption spectra of analytical" species and blanks 

··.·(A) 2 x io-? !1 Au+3 in water; 0.10!! N
3
-; 0.50!! Po

4
-?;. pH 6.oo; 

read~ngs vs. (D) 

·(B) . n-butyl alcohol extract of solution as for (A) except 0.20 ~ . 

. ' .. N
3 

-·;. readings. vs: (C) 

(c) n-butyl alcohol extract as for ·(B) wi~hoilt.Au-+:~.; .. readings .. vs. 
• • 

Figure 2. Mole ratio plots 

. : 2 x· 10 ;..4 M Au +3 
. - . 

. ·. 2 to 16 X lO - 4 ~ :N
3

-

·Ionic strength l:OO 

pH 4.07 ± 0.10 
i 

.. · 0.10 em. cell. !. 

I 
I ( 
! 

. . . \ 

., 

. I. ., . 

. : . . 

.. 

.•. 
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• 

This report was prepared as an account of Government 
sponsored work. Neither the United States, nor the Com­
mission, nor any person acting on behalf of the Commission: 

A. Makes any warranty or representation, expressed or 
implied, with respect to the accuracy, completeness, 
or usefulness of the information contained in this 
report, or that the use of any information, appa­
ratus, method, or process disclosed in this report 
may not infringe privately owned rights; or 

B. Assumes any liabilities with respect to the use of, 
or for damages resulting from the use of any infor­
mation, apparatus, method, or process disclosed in 
this report. 

As used in the above, "person acting on behalf of the 
Commission" includes any employee or contractor of the Com­
mission, or employee of such contractor, to the extent that 
such employee or contractor of the Commission, or employee 
of such contractor prepares, disseminates, or provides access 
to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor • 




