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HISTORICAL IBTRODUCTION 

Bark Histoa 

!rhe chemistry, of the cyanides in general, dates from the early 

eighteenth c8ntul7, but the action of aqueous solutions of oyanide on 

sold was not noted until 1840. At that time the El1tillgtons (20) ob-
"_-__ __ ... _.r ...... 

tained a patent for gold plating eleotro~tical~. usiDg for the el-

ectrolyte a solution made b~ dissolving gold tn potassium o.yanide with 

the aid of an electrio current. 

Three years later Prince Bagration (2 ) found that gold dissolves 

slowl,. without the ai4 of an electric current in alkaline solutions ot 

either sodium or potassium cyanide. He found also that a solution of 

potassium terrocyanlde has the same effect but that the action is less 

rapid. In all three cases more rapid solution of the gold was effected 

if the reaction mixture was heated and free acoes8 of air allowed. 

Glassford and Napier (27) ,at about the same time t studied the for­

mation ot potassium aurooyanide. XAu(CN)2. In their work aurous oxide, 

!u20, was dissolved in ~otaasium o.yanide rather than metallic gold. 

!he existence. formula, and properties of KAu(ON)2 were well establish­

ed by them. 

in 1846 to make the first oo~ 

prehensive study Of the action of oyanide solutions on metals in gen­

eral. (21) He noted reaction with a number of metals and advanced a 

meohanism. Jletals were divided into two classes; one, a class which 

reacted with the liberation of" hydrogen, reaction occurring without the 
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aId of o~eD. Oopper. niokel. iron, and zinc were believed to beloDg 

to this olass, a type equation being, 

seoond, ODe Which required the presence of o~gen for reaction to pro-

ceed &a, 

gold,silver, and cadmdum belonging to this class. In the case ot gold 

the final product upon evaporation of the solution was IdentIfied as 

colorless, octahedral cr,ystals of potassium aurooyanide identical with 

those of Gl&8sford and Iapier. 

Farada,' (24) in 186'1, a~nt ly knowing nothillg of &rI3 previous 

work on the subJ eot, remarked that gold leaf float ing on the surface 

of a potassium 07anide solution disBolved quite rea4i~. 

Deyelopement Of the OJanide Process 

!he reaction next achieved commeroial importance &8 the basis of 

the o7an1de ~rooes8tt for the extraction of gold from low grade ores. 

Gold occurs most oommonly in the uncombined or "native" state, 

and has been known and used from the earliest times. The first gold 

mdnes were deposits ot free gold in tair~ large particles, or nuggets. 

!hese were dug out by hand and 'Worked into whatever shape they were 

desired. Then as deposita of this kind beoame soarce, the metal was 

found as very small grains in the beds ot runnillg streams and dried-up 

watercourses. !hese sands were Shaken in a pan with water, the heavier 

grains o_~ gold settling to the bottom and the lighter ones ot sand beI1lg 

deoanted otf with the water. 

SuCh a procedure lost a l~e quantity ot the lighter partIcles ot 

gold. A practioe then developed of pu.ttIng some DBtallio mercury in the 
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bottom Of the pan. The gold amalgamated with the mercury and there was 

practioally no loss upon de~tation. 

When sold was discovere4 in oertain quartz rooks, this same "amal-

gam&tion prooess" was adopted in various modified forms. It was suit-

able however onq for ver, rich ores, and when these beoame emausted 

the need for a less expensive "ohemdcal prooess" became apparent. 

Prior to the appearance of the "C7an1de process" only one such 

had been developed. This, known as the "Oaseel process" depended upon 

the action of eleotolJtically produoed chlorine to di8s01ve the gold. 

It was not a suocess, tor base metals were diaso1ved aa well, and the 

steps neces8ary to separate these were too expensive to make the process 

practicable upon a commercial 8cale. 

!be "QJanide process" ~ough offered a camplete solution, and upon 
~----- --- - - -- ~ .---~ 

its introduction into the South African gold f1e1ds in 1890, & complete 

regeneration of gold mdniDg was accomplished. Where before buge dumps 

of tai1illgs, aas8\Ving twenty dollars to the ton, had accumu.late4 around 

each plant, now, by the use of the cyanide process nearly a hundred per 

cent ot the metal could be recovered (11). From South Africa the use ot 

the process ~read over the entire world until to~ it has been adopted 

and modified for use with ever.y kind ot gold and silver ore. 

The story of the 4evelopfment of the process is & very interestillg 

one from an historical as weU ae & ohem1cal viewpoint. Aa early &s 

1866 we find WUrtz mentioning in a letter that the reaction of potass-

turn cyanide solution upon gold Ddght well be used for its extraction 

trom ores(69). 

~e next year a patent was issued in the United States to J.H.Rae 

(55), marking the first commercial utilization ot the reaction. The 



prooess patented combined the action of the oyanide with the use of an 

electrio ourrent. It Is doubtful If Bae understood the s~ficance of 

the cyanide reaction beoause of the em,phasis he placed upon the necessity 

of usillg a current in cOnjunctlon with it. His process is said to have 

been tried commercial17 but no report upon its success is available. If 

it had tirst been used upon a suitable ore and work continued upon it 

no doubt our modern c.1anide process would have developed some twentyfive 
r-

years before Itt did- .. ~t~l~ 

Another ten years passed before there can be found ~ further men-
_-...,,------ ____ -- __ < ___ ~ __ , __ --_"' _______ "_ 4 _ 

tion ot the reaction. Skey (61) then observed that when potassium cyan-

ide was used to clean amalgam plates a good deal of the gold was lost. 

It was undoubtedl.y this observation tha~ led ~xon (17) to do some ex­
Itn 

~rimental work on the .01ution of gold potassium cyanide and ferro-
- /\ 

cyanide sol1ltions He found the action slow unless bleachillg powder or 

manganese dioxide were present, and concluded that a solution of neither 

salt was a good solvent. 

In lSeO there were brought JUt in the United States, three patents 

(14).(25).(57), for variations in the amalgamatlon process using cyanide 

products In various torma. Then in lSS5, Simpson and Parnell (60) pat-

ented a process for treating cru&bed gold ores with solutions ot potass-

ium oyanide and amnonium oarbonate. The gold was recovered by suapend.-

ing zinc plates in the solution and precipitatiDg it out as metallic gold. 

They emphasized the use of ammonium carbonate in their process and also 

emphasized Rae's beliet that It only potassium c"anide were used that an 

electric current must be used in coDJunction. 

~e mlnillg literature of the next few years contalned a good ~ 

poleDdcals between these Americ~ patent holders, but the significance of 
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their work is shown to be small by the fact that O'Driscoll (52) in 1689 

brought out a pamphlet devoted to ridiculing the utility of a cyanide 

process for the treatment of gold ores. 

If the close of the eighties developfment of the prooess had come 

to a standstill. It was known generally that reaction took place be-

twean gold and cyanide solutions t but there V:'as no comprehension at its 

metallurgical possibilities. But in 1887, J.S.UBcArthur and the brothers 

R.W. and Vl.Forrest brought out a patent (40) coveriDg the use of the re-

action blwhat i8 essentially the modern process. 

This patent was the result of work done by JIaoArthur in the private 

laborator.y of the Forrests who were Glasgow medical practitioners. The 

three had made a number of diverse chemical investigations previously 

aDd in lBBS they trie4 ~e effect ot various Cheudcal reagents upon 

gold ores, with the hope of finding something which would be an improve­

ment upon the chlorination method developed Shortly before by Oassell (4*) 

which involved the use of an electric current. In 18B6 they brought out 

a patent (42) for a process which depended upon the action of chlorine or 

bromdne to dissolve the gold in the presence of salts which caused the pre-

cipitation of the base metals. The method did not work ver.y well for no 

sal t could be found which moderated the act ion of the halogen 80 that no 

&wreciable amount of base metal was dissolved. 

!he failure ot this process led U8cArthur to study the use of other 
cftnt.{'de, 

solvents. The action of potas8ium~was stumbled upon quite acoldently (42). 

In 1886 he had treated ores with potassium c,yanide and had afterward attempt­

ed to reduce and precipitate any dissolved gold with hydrQgen sulPhide. 

When no gold was precipitated he assumed a negative result for the use ot 

the cyanide. Hearly a year later ~Arthur had occasion to attempt the 

precipitation of gold from a known solution by means of hydrogen sulphide 
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and finding no action he recalled immediate~ his experiment of a year 

earlier with potassium cyanide. Further investigations were then made 

which resulted in the c"anide process of to~. 

A syndicate was next formed and patents were obtained throughout the 

world. In MacArthur's prooess two points were established eJ8 constitute 

his real contribution to the developement ot the prooess. First, solution 

of the gold took plaoe due to action of potassium cyanide alone. Xo other 

~ent was considered neoessar,y either to pl~ a direot part in the reaction 

or to act as a oatalyst. !his point is in contra-dlatinction to that of 

the prior Simpson patent which emphasized the addition of ammonium oar-

bonate to the reaotillg solution. Second, there was emphasized the use of 

dilute solutions rather than the strong ones used in previous methods. 

It is of historical interest o~, to note that all of these ~Arthur 

patents were deolared invalid by 1897, and that no permanent financial re-

ward re suI ted from them. Too much was known of the reaction before Uao-

Arthurts discover,y for him to claim full priority. And it is not possible 

to patent "concentrations" of ohemioal solutions. Slmpson's patent had 

ant icipated vacArthur' s detini tely in all of the legal requirement s • 

The greatest contribution from KacArthur's work was the act of bringing 

the metallurgic~ possibilities of the reaction before the world. 

The appearance of this process created so mch interest in the re-

actions involved that a large number of scientific and e:ngineering papers 

dealing with the subject a~ared in the nineties and ear~ nineteen 

hundreds. Statements made by lIacArthur regarding the laalt of 8.n'3 role 

that o~gen might play in the reaction led a number of workers in all 

parts of the world to st~ this point. HOat indications were con-

trar.y to this belief as will be seen later. 



An almost limitless amount of work was done in attempting to find 

catalysts or accelerators for the reaction. The one most often utiliz­

ed appears to be hydrogen peroxide. Haloid cyanides, such as bromo- and 

chloro-cyanogen were also reported as catalysts quite frequently. Sod­

ium and barium peroxides, as one might expect, were fOlIDd to have an 

action similar to that of ~drogen peroxide. All of these substances are 

strong oxidizing agents and there are many disadvantages in their use. 

Opinions as to their utility vaT,y, the best of them being, it is believed, 

those which give off oxygen slowly, as do the heavy metal peroxides. 

:By 1907 the process WB.S developed about as it is today~ Julie.n and 

Smart published at that .time the first and most comprehensive text on the 

subject. (36) 

Role of Oxygen 

The appearance in 1888 of the MacArthur and ForTest patents (4) and 

of an article by !!acArthur- in 1890 (41), in which it was claimed, that 

hydrogen is formed during the course of the reaction, marks the beginning 

of an important chapter in the history .. 

L. Janin (34), (35) working independently, came to this same con­

clusion. According to these workers reaction takes place with the evol~ 

tion of hydrogen as in the following equation: 

2 Au t 4 KeN + 2 H20 ------7 2 KAu(ON)2 + 2 XOH f H2 

Here gold is shown to react just a.s Elsner believed metals which he classi­

fied as class 1 did. Experimental evidence for the above is very weak 

however. 

ME,cArthur mentioned in his paper, that according to Elsner's work 

ei ther oxygen must be abs.orbed aT hydrogen evolved for reaction to te.ke 

7 



place. But it was stated that he had never observed the former and 

was unable to prove the latter which he believed to be true. Oxygen 

should oxidize the cyanide to cyanate as in the equation; 

2 KeN + 02 ------7 2 KeNO 

Nascent hydrogen would be much less likely to react upon the cyanide, 

and hence as the reaction proceeds quite normally as far as the cyanide 

is concerned, it should, for this reason, most properly be considered 

as reacting with the formation of hydrogen. But regardless of wh~t part 

oxygen plays in the solution of pure gold by cyanide, MacArthur claimed 

to have proved that it ple¥s no part in dissolving gold from ores. He 

treated an ore with cyanide in free excess of air, and paralleled it 

with boiled solution, filling the bottle in each case to the stopper 

with ore and solution. Extraction was the same in each case. No experi­

mental figures are given in this pa~er. 

Butters and Clennell (9) writing in 1892 agreed with MacArthur in 

his idea of the action of the oxygen on the cyenide. They had found in 

practice that a much greater amount of potassium cyanide is needed than 

theory requires, but for the reaction with gold they accepted Elsner's 

equation rather than MacArthur l s and Janin1s. 

In the seme year Skey (62) showed that the following proportions are 

needed for the reaction; 130 parts KeN: 8 paxts 02: 196.8 parts Au, 

which translated into moles gives 4 Au: 8 KeN: 02. Attention was called ~ 

also to the fact that this proportion of oxygen was so small that the 

amount normally dissolved in solution or adhering to the surface of the 

gold is sufficient to cause the dissolution of a measurable amount of gold. 

M8.cLaurin, in 1893, (44) published the first paper treating the re­

action as a purely chemical problem. 

8 



9 

Eight experiments were mE.de in which gold foil was placed in bottles 

containing previous~ boiled potassium cyanide solution. Four of these 

were stoppered full, two were left open to the air, end two stoppered 

while containing oxygen gas. Results were obtained as follows: 

• • • • • • • • • • 1 • 2 • 3 • 4 • 5 • 6 • 7 • 8 • 
• • • • • • • • • • • • • • • I • • 
• • • : · • • • • 

Type :92 brs.in sto~ered bottles: 96 hrs.v:ith O~: 68 hrs. in o12en • • 
H:a0 • • • • • • • • • • • • • • • • • • 

• 125 :121.15:123.7 :127.6 • 125 ~ • 125 t;. • 125~ • 16 ~ • • • • • • • 
• • • • • • • • • • • • • • • • • • 

KeN • 1 1 • 1 • 1 • 1 ~ • 1 g • 1 ~ • 4 ~ • • • • • • • • • 
• • • • • • • • • • • • • • • • • • 

Amt.Au diss.:.0018: .0025:.00295:0.00265:0.23995:0.24140:0.09175:0.03225 • • 
~ 

From the se dE,ta it is obvious that the rea~tion is by the presence of 
-1 

air, end even more .. by the presence of o~gen. These data MacLaurin con---sidered as only qualitative. Experiments 1 - 4 might well have contained 

traces of e.ir. 

To prove 02 necessary for solution to take place gold foil was placed 
~"', L-l wJ /Y e,a.PuI 

in a retort containing boiled cyanide solution and its vapor, 8 a iDEo 

off. 

Loss in weight of gold was noted after twenty-four hours. The retort 

was then opened and the gold allowed to stand in the seme solution under 

an atmosphere of air for twenty-four hours. Data obtained is as follows: 

I II 

See.led vessel Open vessel Sealed vessel 

Au lost .0002 g .00835 g 0.0003 g 
} 

In a second paper by MacLaurin (13) the work was refined ~~ noting 

the time required to dissolve traces of gold impregnated in paper. This 

was prepared by steeping filter paper in gold trichloride solution con-

taining 0.1% Au, then suspending over a current of ammonia gas, forming 

the oxide, which was reduced by immersing in hot oxalic acid. On washing 
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and drying the paper bad a pink color. A Dumas bulb was filled two-

third's with 5% potassium cyanide and a piece of the gold paper intro-

duced into the limb. The end was drawn out to a fine point and the 

solution boiled then the limb was sealed and the solution cooled. The 

paper was shcken down into solution, and eight days time was noted be-

fore the color faded. Then the limb was broken, air admitted 2nd a 

similar piece of gold paper placed in the solution. Only two minutes 

were required to feAe all trace of color. 

No result was obtained in which absolutely no reaction was observed. 

MacLaurin reported also an attempt to discover the stoichiometrical 

relationship between gold dissolved and o~gen. Using an apparatus of 

a U-tube design, previously boiled potassium cyanide, gold foil, end 

free oxygen were brought into contact. The reaction was allowed to con-

tinue for twenty-foU!' hours and the amounts of oxygen present at the 

beginning and end observed, together with the loss in weight of the gold. 

The results are tabulated below. Assuming E1sner's equation to be correct. 

4 Au T 8 KCN 4-2 H2 0 4-02 ------7 4 K Au (CN)2 +-4 KOH the fe"ctor 

to convert Au into O2 is 0.04054. 

0 
Temp. 58 F. 

Time in days 2 3 3 3 

% KCN 1 1 2 2 

Loss wt. iu. 0.13062 0.28128 0.17833 0.16802 

A. Loss)( 0.04054 - 0.0052953 0.011403 0.0072285 0.00681153 
., 

02 wt. reacted 
3.733 7.263 4.897 4.424 

Vol 02 absorbed S.T.P. 

13. Wt. 02 absorbed 0.005339 0.0103881 0.00700408 0.0063275 

Ratio 13/A. 1.0086 0.911 0.9688 0.9289 



MacLaurin believed that these experiments showed two atoms of 

gold to require one of oxygen. The fe.ct that the re,tio is less than 

one is accounted for by noting the oxygen pressure to be slight~ 

reduced towards the end. This work geJve e.mple sUflport to Elsner1 s 

equation. 

This work was not sufficiently controlled to give results of the 

highest accuracy_ No provision was made for stirring so as to insure 

uniform contact between gold and solution at all times. Nor was any 

provision made for thermostating the apparatus. Inasmuch as the measure­

ment of the amount of oxygen reacting, involved gas measurements, the 

failure of providing adequate temperature control tllroWS great doubt 

upon the reliability of the results. 

Goyer (30) oorroborated Elsner's equation at this time,but his 

experimental work was not oomparable with MacLaurin's in quality. 

The next i~ortant paper published was by ~odlander in 1896 (7). 

HaviDg noted the differenoe between the equations of MacArthur and 

~Laurin he atte~ted to differentiate between them. Potassium 

cyanide solution was plaoed in the half of a V-shaped retort and spongy 

gold in the bend. The whole was evaouated with a mercury pump and 

sealed off. The gold was then dropped into the solution and allowed 

to stand for fourteen ~8 with frequent Shaking. A parallel experi­

ment of equal quantities of reagents was oarried out in a loosely 

stopPered flask for an equal time. The author points out that aooord­

ing to MacArthur t s equation, 

Au + 4- KeN + 2 H20 ------~ K2 Au (ON)4- t- 2 KOH : H2 

in the evacuated retort the amount of potassium cyanide present Should 

give rise to 18.45 cc of H2 gas at S.T.P. gold being present in excess. 

11 



Actually t one-half cc .of gas was found which did not give an analysis 

as hydrQgen. Bodlander believed this gas to be nitrogen from dissolv­

ed air whioh had not been removed by the pumping process. For the gold 

a loss in weight of 0.0164 g was noted. A fact which the author ex­

plained by believing o~gen to have been present in small quantity from 

dissolved air. 

In the parallel experiment 0.2518 g. of gold was found to have dis­

solved. No notice of the oyanide ooncentration at the conclusion was 

taken, nor were the two experiments duplicated. However, the work does 

indicate that MacArtbur and Janin were wrong and Elsner's equation is 

the true one. 

Dixon in l89? (18) corroborated Elsner's equation in a qualitative 

manner. 

Bettel in 1898 (5) treated gold leaf in an atmosphere of hydrogen 

with potassium cyanide solution and found that no reaction took place. 

12 

No fUrther work was done until 1918 when Crowe (15) made some rather 

qualitative experiments under vaouumwhich convinced him that if oxygen 

is removed no gold will dissolve. The vacuum could have been no greater 

than aqueous vapor pressure for he evacuated above the solution. He 

pointed out the difference in o~gen content of air dissolved in water 

and atmospheric air, the former oontaining 35% oX¥gen to the latter's 

21%0 

Hay in 1926 (4,3) published two papers discussing the oyanide-gold 

problem and ~reed that o~gen is necessar,y but did not give aocurate 

experimental evidence of the fact 0 



Theories of Uechanism 

~Laurin publiShed (~) (45) the first discussion of a possible 

mechanism for the action of oxygen in the reaction. Three hypotheses 

were advanced and one selected as being most probable. 

(1) The gold might first be reacted upon by the o:l¥gen of the solu­

tion and the oxide formed be dissolved by the cyanide as: 

" Au .. 02 ------~ 2 Au2 0 

Au2 0 + 4 KeN +- H20 ------7 2 KAu (ON)2 ~ 2 EOR. 

~is mechanism ~Laurin reJected, for no evidence for· formation of the 

intermediate aurous ende had been found. 

Skey (61) had given someevldence for this in reporting that in the 

presence of water and o~gen gold becomes ooated with a film of oxide. 

(2) The o~gen might oxidize the KCli to ReliO as 

2 KCN + 02 ----7 2 KeNO 

Then 2 Au + 4r KeNO + H2<) ----7 2 Au ON .KON +-:z. K 0 ~.~ 

or 2 Au + 3 KeN ,. KeNO ,. H~ ----72 XAu (ON)2 -f 2 KOH 

Ddght be a more plausible e~lanation. 

13 

VAk1~ runs in stoppered bottles with boiled solution. ~cLaurin found 

the addition ot potassium cyanate to have no effect in accelerating reaction. 

F1gures obtained are as follows: 

92 hours in stoppered bottles 

gs. 

125 

1.0 

0.25 

ge. ge. 

123.7 

1.0 

ge. 

127.6 

1.0 

Loss wt. Au 0.0018 0.00255 0.00295 0.00265 

(3) The mechanism final11 accepted by K9.cLaurin, was that the A.u is 



dissolved 'b7 sil'll1l taneous act ion of o~en and cyanide ion. The explan­

ation being. that the "affinity" of Gold for Cyanide ion and ~gen for 

Potassium ion i& greater than th:at of potassium ion tor Q7anide ion. 

ThIs oonceptlon is greatly clarified if modern concepts are utilized. 

~dlander after proving the validi t7 of the Elaner equation. postu­

lated the formation of ~drogen peroxide a& an intermediate step in the 

reaction ('1) as 

2 Au ~ " ON + 2 H2O -fa 02 -----7 2 KAu (C5)2 .,. 2 XOH + H202. 

most of the peroxide beiug used up again In a second reaction in which 

gold dissolves without absorption of o~en. 

2 An f- 4r KON + H~2 ---'7 2 XAu (CN)2 -+ 2 KOB 

The combination of the two equations gives the Elsner equation. As the 

second reaction would follow the first s~taneously. we would not ex­

pect the concentration of ~drogen peroxide to buIld up. Bodlander re­

moved it as fast as formed by precipitati:ng as 0a02 in an excess of lime. 

or causiDg it to react with an excess of indigo carmine. In this manner 

about '10% ot the theoretical amount of ~cUJcpgen peroxide was accounted for 4 

!ettel (6) in 1898 sgggested that XAn (ON)4 was formed as an inter­

mediate product. as 

2 H2'> T 2 Au 4 O2 -f 6 KeN ------7 KAn (Clf) 2 + KAu (CH)t. 4 " KOB 

followed by 

KAu (ON)" + 2 Au + 2 KeN -----7 3 KAu (cm)2 

In 1895 Chris~ (12) stated that he believed the reaction to take 

place due to the formation of free cyanogen. ~t is. gold would dissolve 

in a potaSSium cyanide solution, if any substance were added which would 

cause the formation of nascent cyanogen. He found nearly all oxidizing 

agents to be effective in promot~ng the reaction. 
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The effect of bromo-cyanogen was explained as follows: 

Er ON ~ KCN ------7 K ~r + (CN)2 

2 KeN + 2 Au + 2 CIf ----7' 2 KAu (CN)2 

combln1Dg 

3 KON .,. 2 Au f :Br ON ---7 2 XAu (ON)2 at K Br. 

AddtQg ~romdne to a reaction mdxture gave a simdlar result and increased 

reaction a.s: 

2 KOli + :Br2 ------7 2 K :Br i (CN)2 t 2 An t (CN'2 + 2 KCN 

------;2 KAu (ON) 2 or 4: KON t Br2 + 2 An ------7 KAu (ON' 2 -t K :Br. 

Ohristy did not believe o~gen to be neoessary in this reaction as had 

lfulholland ( 60) who S11JllD8rl zed it as: ( 

A simdlar result was obtained using chlorine in the reaotion mdxture. 

In 1902 Chrlsty publianed a further work (31) (32) in which he a.ltered 

his views entirely, and advanoillg an eleotro-chemioal explanation, gave 

the first "moderntt treatment of this problem. 

V~n metallic gold is placed in a solution some gold dissolves leav-

ing the remainder negatively oharged ass 

Au 
( lfetalliC) 
\... foil 

o 4------ -
------7' Au ~ qOil ~_. 

Negatively 
harged . 

An 
(ion) 

.,. 

EquilIbrium is set up between gold ions tending to plate out from solution 

(osmotio pressue) and gold ions in the foil tending to go into solution 

(eleotrolytic solution tension). ~is is, of course, the familiar Nernst 

theory of the origin of emt. 

If ~ other substanoe is present whioh removes the gold ions from 

solution as fast as they enter n~ osmotio pressure is set up, hence equi-
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librium is not establiShed. the metal dissolves, and the electro-

potential increases. 

Qyanide ion removes gold ions with those of other metals so that 

gold dissolves in a potassium cyanide solution although absolute~ inert 

in distilled water. This effect completely alters the sequence of metals 

in the eleetro-chemical series if they are set up in order of their ease 

of solution in potassium 'cyanide. 

Accordi~ to Christy the sequences are compara.ble as follows: 

6.~ KClf Dist. H2'l 

(1) Zn Zn 

(2) Ou Pb 

(3) Au Fe 

(4) AB Ou 

(5) Pb Decreasing Ag 
potential 

(6) Bg Hg 

('7) Fe Au 

Only one side of the picture is presented thus far. In the initial 

formation of gold ions iu the metal and subsequent solution the foil as-

sumes a n~ative charge due to free electrons beiDg deposited upon its 

surface. Even though gold ions are removed by the cyanide ion due to 

formation of a complex, further solution will not take place until the 

negative charge on the foil becomes discharged. 

It is here that o~gen pl~s a role as it tends to assume the ionic 

state, in the presence of water, formdng ~dro~l provided an electron 

is furnished it. 

Traube (6'7) ~gests this as a mechanism for the solution of all 

metals in the presence of oxygen. 020 t 2 H2<> -t 2e ------7~ 011 -----72li20a 
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The h¥drogen peroxide necessarily formed is acoounted for in ~odlander's 

work. 

Julian and Smart (36) in their well known textbook set forth a rather 

different viewpoint. When the gold is dissolved a mdniature cell is set 

up in which one portion of the foil is a negative and the other a positive 

electrOde. When gold dissolves a current is set up and as a result hydro-

gen gas plates out on the cathode or n~ative portion which in turn sets 

up a back emf. and effectively polarizes the cathode. ~gen depolarizes 

this cathode forDd~ h1drogen peroxide allowing solution to proceed. 

This conclusion was based on work done b.1 these authors using a cell 

composed of a gold foil anode and a pyrite cathode, each be~ suspended 

in a potassium cyanide solution divided into two portions by means of a 

porous partition. 

Ply means of a galvanometer the current set up is~. !ubbling 

o~gen over the p,yrite cathode had a marked effect, increasing the cur-

rent t while no effect oocurred if o~gen was bubbled over the gold foil anode I 

Further proof for this theor,y was found in the fact that gold was found 

to dissolve muoh more rapid~ when in contact with iron than in the pure state 

A second conclusion (36) reached qv these authors was that as the 

temperature of reaction is increased less polarization occurra and hence 

there must be a temperature at which polarization becomes zero and above 

which gold reacts in the total absence of oxygen due to the evolution of 

~drogen. 

This conclusion was reached by oomparing the solubility of o~gen in 

water var,ying with -temperature with the variation of rate of dissolution 

of gold. A mazimum for the latter was reached at 850 O. If, as according 

to Julian and Smart the reason for gold not dissolving in the absence of 



o~gen is due to polarization we may regard the mechanism as follows. 

Gold dissolving has a oertain emf.which is counter-balanoed by the 

emi.of the polarizing hydrogen on the cathode portion of the gold. As 

the solution is heated this opposing emf. becomes less until that of 

the anodic portion is greater and gold will dissolve in the absence of 

oxygen. 

Engler and Weissbe~ (23) in 1904 stated that they believed gold 

peroxide to be an intermediate product in the solution of gold in potas­

sium cyanide. Reinhinstein (56) expressed the same belief. 
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All of the publications from this date on seem to be mere elabora.­

tions upon the mechanism as established in Julian and Smart f s book. Watts 

and Whipple (68) in publishing a paper on the solution of various metals 

in acids, state that they believe o~en to be necessar.J because gold is 

a metal of the second olass in dilate cyanide solutions. EeIth (37) 

analysed Elsnerts equatIon and settled the ~Arthnr-~Laurin controver.., 

by stat~ that gold has a higher afflni~ for cyanide than potassium but 

that some third substanoe mnst be present to receive the electrons. 

White (69) accepted previous work but noted that in very dilute solution 

a browniSh red stain appeared on gold foil. ~is he believed to be aurous 

cyanide but did not ana~ze the material. Oopper gives the same effect 

giving a white preCipitate of cuprous cyanide. T.he anrous cyanide obtain­

ed by the action of FeSCN or metallic Au is identical in appearance with 

that obtained on the plates mentioned above. 

studies of Hate of Solution 

~eoause ot obvious metallurgical importanoe oonsiderable interest has 

been taken in the studr of the rate of solution in this reaction. 



The most substantial part of this interest has been concerned with 

the effect produced 1n var,ying the concentrations of the cyanide solu­

tion used. uacLaurin in his two papers (5S) (59) studied this phase 

thoroughly. In the first of these it was shown experimentally that the 

rate of solution passes through a maximum in going from dilate to more 

concentrated solutions. This was explained by assumdng the rate of solu­

tion as dependent upon two factors. 

(1) Concentration of cyanide ions per unit volume. 

(2) Concentration of o~gen moles in same volume. 
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The maximum effect in the rate of solution Is due to decrease in solubility 

of oxygen as the concentration of potassium oyanide increases. A stu~ of 

the solubility of o~en in various strengths of potassium cyanide was re­

ported in the same paper. 

In the second paper (59) the work was extended somewhat further t the 

value for the concentration of potassium cyanide producing the maximum rate 

of solution, beillg established as 0.25%. The same effect was observed 

with silver in identical degree as with gold. The variation in rate was 

observed as not being influenced direct~ b,J the concentration of potas­

sium oyanide except in very dilute solutions but as beil'lg due entirely to 

the variation in solubility of oxygen in the various conoentrations. The 

amount of gold dissolved was found to be nearly proportionate to the ab­

sorption coefficients of oxygen in suCh solution. The failure for this 

rate to be exactly proportionate is due probably to the increased viscosity 

of cyanide solutions as the concentration increases. ~8 belief was sub­

stantiated somewhat by adding inert substances to the more dilate solu­

tions and obtaining appropriate results. The amount of gold dissolved ia 

proportionate to the coefficient of viscosity of the solution as well as 



to the variation in oonoentration of oxygen and oyanide ion. 

Bodlander in le96 (?) reJeoted MaoLaurin's work and found that the 

rate rises rapidly to 0.25% and then falls off rising less steeply. 

!ut the maximum at 0.26% was not observed. 

ebristy in 1902 (13) showed the minimum oonoentration of potassium 
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oyanide in whioh gold vdll dissolve at all. This is, of oourse, eleotro-

ohemioally, the point at whioh the solution pressure is just balanoed by 

the osmotio pressure of the ions in solution, or where the eleotromotive 
J4 :u. 

foroe is zero. This point of concentration was found to be 2,000 4,000 

or 0.00326% - 0.0016% KeN. 

Julian and Smart (36) modified l4aoLaurin's explanation in the light 

of their theor.v b.1 stating that the maximum as establiShed by ~Laurin 

must neoessari~ var.y with different sets of conditions owing to the 

oharges in potential and degree of polarization on the oathode portions 

of the metal. These authors showed that in dealing with a gold plate in 

a a.yanide solution the difference in potential at aqy two points of its 
-L 

surface is about 160 of the differenoe between gold and maroasite. Pure 

gold is then oorresponding~ much less soluble than gold in ores from the 

viewpoint of reaction rate. 

In 1919 White (69) publiShed a paper differing experimentally from 

results of ~Laurints work. For gold leaf immersed in potassium oyanide 

solution he found from .02 - .03% to give the maximum speed of reaction. 

But for gold leaf floating on the surface 6.8% was most effective. It 

was noted as well that oonditions are altered when oontaot ocourrs be-

tween gold and ~ iron or oarbon. 

Two papers by Hay (31) appeared in 1926 - 1928 dealing in part with 

this question but they are in full-agreement with the previous work. 



:Barsq, Swainsonand Hedley (3) in 1934 using sodium oyanide found 

the maximum rate at 0.06% sodium oyanide and also by determdning the 

solubili ty of oxygen in solutions rangillg from 0.0 to 2.00 showed that 

it does not v~ and therefore the faot that strong oyanide solutions 

do not dissolve gold as rapidly as weak ones does not depend on this 

faotor. For silver 0.10% solution was found most effeotive. 

Effeot of Temperature and Light 

The question of temperature effeot is most adequately discussed by 

Julian and Smart in their book (36) as they explain the inoreased "e100-

ities of the cyanide ion and o~en molecules with rise in temperature 

increases the rate of reaction. This effeot is counter-balanoed at 

rather high temperature by the fact that the solubility of o~gen in 

solution decreases with temperature. still a maximum effect is notice­
o 

able which these authors place at about 66 O. 

Two authors, Berthelot (4) and Caldeoott (10) have found that cyanide 

solution is more active in dissolving metals in the presenoe of light. 

The former explains the increased activity by saying it is due probably 
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to inoreased rate of absorption of o~gen by the potassium oyanide solution. 

Effect of Added Substances 

Vlork done upon stu~ing the effect of adding foreign substances is 

best classified by the ohemdoal nature of these substances. 

It was noted during the earliest histo17 of the t'Cyanide Process" 

that Cyanogen Halides, as Bromo-oyanogen and Chloro-oyanogen, have an 

acoelerating effect upon the rate of this reaction. Early patents ap-

peared (26) (49) and a number of journal artioles have reviewed this 

question. The former appears to -be the best acoelerator some doubt ex-



isting as to whether or not the chloride has ~ effect. 

Stevens and Blackett (63) believe the effect to be due to substitu­

tion ot bromine for oxygen as the oxidizillg agent. 

One patent (29) and a number of papers (31) (32) (33) have appeared 

discussiJJg the uses of ~drogen peroxide as an accelerator. Its action 

is quite obvious of course. 

Other peroxides were found to have a catalylic effect as one would 

naturally expect. SoditUn peroxide (29) (35), barium peroxide (36) and 

persulphates have all been studied in this cODllection. AndreJeff (39) 

has noted that ozonized o~en increased the rate of reaction with gold 

from one to one and one-fourth times the observed rates of air and that 

increasing the proportion of ozone accelerates the action. 

Other and milder oxidizing agents might be expected to have some 

effect upon the reaction and this has been found to be the case though 

no very clear cut results have been obtained. Potassium permanganate 

(5) (6) has been used, as well as chromatea (4:7), ferricyanide(60) (47) 

and the free halogen (60) (57) (6). 

Parkes (53) has patented the use of a ~haU_ mixture of bromine 

and potassium bromide with potassium cyanide, potassium dichromate and 

sulphuric acid. NoelttQg and Forel (51) have noted an accelerating ef­

fect with orgauic oxidizing agents as picrio acid and nltroso naphthol. 

Keith sunmarizes the whole situation (37) by saying that a:ny oxidizing 

agent is theoretically an accelerator in the light of Julian and Sma.rt' s 

mechanism. 

Owing to the very nature of their action we should expeot little 

work to have been done by previous investigators, nearly all of whom 

were activated by commercial interest, upon negative oata~sts or acoeler-
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ators upon this reaction. 

Reducing agents would be expected to have this effect though 

Pasuchin (54:) claims to have proven that the presence of sulfides 

has no etfect upon the reaction. 

:8aralq, Swains~,and Bedley (3) have noted that calcium ~drox1de 

has a marked acceleratlDg effect which they were unable to explain. 
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Purpose 

From the foregoing survey of the literature it seems evident that 

dissolution of gold in alkali cyanide solution proceeds with the ab­

sorption ot o~en rather than with the liberation of qdrogen. 

Nevertheless, 1n the 1921 edition of Julian and Smart IS textbook 

on the QJan1de process, after a discussion of the literature dealing 

with this point, there appear the statelOOnts: 

It(l) Gold and Silver are capable of dissolving at ordinary at­

mo~r10 temperatures and pressures to a limited extent 

without the addition of o~en. 

(2) For the conttaned dissolution of gold and silver at ordinar,y 

atmospheric temperatures and pressures, oggen is desirable 

if not absolute~ essential." 
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In view of the uncertainty which ap'parent~ still persists tn spite 

of the work of Ka.cLaurln (<<) and Bodlander (7) already quoted. it seemed 

worth While to investigate the question further. 

Some preliminary experiments were made by treating gold in an at­

mosphere of nitrogen with cyanide solutions which had been freed of oxy­

gen by prolonged boiling. Some gold appeared to dissolve. This result. 

which in the light of later work was presumably due to incomplete re­

moval of o~gen, led to the construction of an apparatus in which gold 

and cyanide solution could be brought together with oxygen rigidly ex­

cluded. This is described in Part I of the EJtperiroontal section. 

In the complete absence of o~gen, no gold was found to dissolve. 

The next step was to investigate the stoichiometrical proportions of 

gold. o:qgen and potaSSium oyanide. SOme experiments were made with 

the apparatus described in Part I-but the results were unsatisfactory. 

The amounts of oxygen involved are quite small, since from Elsner's 



equation, one ug. of gold requires only about 1/35 cc. of o~gen under 

standard conditions. 

An apparatus was devised by Which the conswmptlon of oxygen could 

be followed by the pressure ch~e in a reaotion vessel of known volume 

immer~ed in an accurate~ controlled thermostat. This is described in 

Part 11 of the experimental section. 

It was antiCipated that the rate of the reaction could be followed 

by observillg the changes in oxygen pressure. However, it was found that 

the conditions under whiCh the reaction prooeeded favored the formation 

of ~drogen peroxide so that the ratio of gold dissolved to oX1gen con­

sumed was not a constant quantity unless some re~ent was added to effect 

rapid decomposition of the hydrogen peroxide. The results obtained are 

in agreement with the work of !odlander (7). 

Since this work was undertaken, the same problem has been attacked 

from a ver.y different point of view by !ar~, Swainson and Bedley (3). 

~ have oalculated the free energy changes for various hlPothetical 

reactions and have shown that the two stages involving the formation and 

decomposition of hydrogen peroxide Whioh were postulated by Bodlander 

and which when combined correspond to Elsner's equation, should occur 

readiq while on the other hand the reaction proposed by llacArthur in­

volving evolution of ~drogen is impossible from the pOint of view of the 

free energy chaQge involved. 
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Experimental Section 

14aterials Used 

~e materials used in this work were pure gold and pure potassium 

cyanide. The cyanide used was :Lferckts Blue Label ttReagenttt grade. 

The gold foil was prepared 8pecial~ for the work, using a method 

of purification given by Mallett as modified in this laborator,y pre­

viously by Toole (66). 

1£ The crude gold was dissolved in aqua re,gla, and the solution 

evaporated down with excess hldrochlorio acid till all the nitric acid 
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was destroyed. A solution of hldrobromic acid was added and. the solu­

tion diluted until the acidity was about three normal. It was then al­

lowed to stand for thirty d~s to ensure preoipitation of traces of silver. 

~ The silver bromdde precipitate was filtered off, and sulphur 

dioxide bubbled through the filtrate to precipitate the gold. This was 

redlss01ved as above and the solution allowed to stand again for seven days. 

Aa. The gold was then precipitated with sulphur dioxide t dried and 

covered with concentrated sulphuric acid. ~e latter was evaporated off 

until the gold was merely moistened with it. This was followed by wash­

ing thoroughly wi~ hot distilled water • 

.!&. The gold was then dried and fused with potassium bisulphate to 

remove any traces of palladium. 

JiL It was again washed and dried and fused with potassium nitrate 

to remove ~ possible traces of iridium andruthenium. 

Aa. After washing again it Vias redissolved in aqua regia, boiled down 

with ~drobromdc acid and precipitated with sulphur dioxide. 

lA The precipitated gold was then fused on a quartz plate using borax 

as a flux, by means of a hand toroh with an o~gen flame. 



~ The resulting gold ingot was rolled out into foil just thiok 

enough to hold its Shape when rolled into little spi~~l oylinders. 

Other methods simdlar in prooedure are given by Kruss (38), 

and Thorpe and Lourie (66). 

The gold which had been used was recovered from the a.yanide 

solution as follows: 

.ia. The potassium aurooyanide was decomposed by making the solution 

acid w1 th ~drochloric acid adding a few grams of potassium bromate and 

boiling down to c~8tallization. 

10. The solution was then made acid with ~drobromdc acid and allowed 

to stand a.s in.l and b. The only possible contaminating metal now is 

silver which is present of course from analyses of the gold solutions for 

cyanide by means silver nitrate. 

11. The gold was dissolved in aqua regiS, allowed to stand in hydro-

bromdc acid and preCipitated with sulPhur dioxide some three times before 

fusillg as in:lA 

Preliminary Experixmnts 

A 5% solution of potaSSium cyanide was boiled down in a flask from 

300 co. to 100 OC. with a stream of nitrogen bubbling through it. It 

was cooled, a weighed amount of pure precipi tatd/: gold was added, and the 

stream of nitrogen continued. The nitrogen was freed from o~genby 

passing through two gas waShing towers containing p,yrogallol solution 

which was prepared by Benediot's method (16). At the end of one hour 

the gold was filtered off and weighed. 

Three runs were made in thi s way and, for compari son, two were made 

using air instead of nitrogen and without boiling the solution. 

26 



27 

The results are as follows: 

'" dissolv-
Wt. Au Wt. Au ed of Au Gas 

Run No. added reoovered added used 
.Z7°'/J 

3.29% 1 OATe! g. 0.2614 g. Water Vapor 
. . 

2 0.3412 g. 0.3336 g. 1.02% Nitrogen 

3 0.3314 g. 0.3280 g. 2.(.9% Nitrogen 

4- 0.2007 g. 0.1957 g. 2.22!fo Air 

5 0.2902 g. 0.2740 g. 6.68% Air 

While these experiments gave no oonolusive result they seemed to in-

dioate that the reaotion mdght prooeed in the absenoe of o~gen. To settle 

this point definitely a. new apparatus was built and extreme preoautions 

were taken to exclude o~gen oompletely from the reaction vessel in which 

the gold and cyanide were brought together. 
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PART I 

Design of Apparatus 

The method employed was to introduoe the gold and solid potassium 

oyanide into the reaction bulb, then after removal of the air, to dis­

til in a suitable amount of o~gen-free water and seal off the bulb. 

The gold could then be brought in contact with the cyanide solution for 

any desired length of time. 

A diagram of the apparatus ls shown in Fig. 1. It was constructed 

entire~ of p,yrex glass. A reservoir of water was permanent~ connected 

to the system. This consisted of a three-I! tre mrrex flask. It was 

filled about two-thirds full of water which had been freah~ re-distilled 

in a current of nitrogen. ~ water was boiled in the flaSk for ten 

minutes and then the neck was promptly sealed off. Connected to the 

reservoir through Tap 1 was a tlfreezing bulb tt which contained a stirrer 

consisting of a small glass rod with a coil of niohrome wire at the 

botto~ The latter was to prevent bre~e of the stirrer when the con­

tents of the bulb were frozen. The upper part of the stirrer was a short 

leDgth of glass tubing into which was sealed an iron nail so that the 

stirrer oould be raised by a solenoid. A mechanical t~ and break" 

in the solenoid circuit caused the stirrer to rise and fall. 

For each run a suitable amount of water was distilled into the freez-

1Qg bulb. It was first evacuated as oompletely as poSSible, with Tap 1 

olosed, by means of a Langnuir mercury pump backed by a Hyvao oil-pump. 

Then Ta.p 2 was closed, Tap 1 opened, a Dewar flask oontaining acetone­

carbon-dioxide placed in position so that the lower part of the bulb was 

immersed in the freezing mdxture, and the water in the reservoir was 

heated. ilhen the desired amount ~f water had condensed Tap 1 was closed 
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and the bulb again evacuated. With Tap 2 closed the bulb was allowed to 

war.m up, the stirrer being set in operation as the ice melted. When all 

signs of ebullition had ceased, the ,vater was frozen again and the bulb 

once more pumped out. Three repetitions of this procedure served to free 

the water thorOQghly from ~ dissolved gases. 

The reaction vessel was a cylindrical bulb of about 75 cc. oapacity. 

A weighed amount of potassium cyanide was placed in the bottom of it and 

a piece of gold foil about 5 x 2 cm. was weighed, then rolled loose~ into 

a cylinder and introduced into the small side tube or, in a later form 

(Type 11) fixed in the neok of the bulb. The bulb was then sealed to the 
.r c. _.lj 

oapillary 1le1wiiD8 to Tap 3. The 8-bend served to prevent any tap grease 

from finding its wlq into the reaction bulb. Control experiments showed 

this to be a neoessar.y preoaution since traces of tap grease seemed to 

influence the react ion. 

Tap 2 being closed, the bulb and conneoting tubing were thoroughly 

evacuated with the ~ir pump. ~drogen could be ~tted through 

Taps" and 5 and pumped out again. Three repetitions of this procedure 

were found sufficient to sweep the air out of the system. In earlier 

runs the additional precaution was taken of bringing an eleotric furnace 

into place surrounding the bulb and heating the bulb and contents to 

about 5000 O. This temperature ls below the softening point of p,yrex 

but high enough to cause a:ny traces of oJCYgen to react with the h¥drogen. 

Excess pressure was prevented by allowing ~drogen to esoape through a 

mercury trap. 

The ~drogen was then pumped out and the air-free water distilled 

in from the freezing bulb through Taps 2 and 3 by immersing the lower 

part of the reaction bulb in the aaetone-carbon-dioxide ~xture. 
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Care was neoessar,y to prevent ice formation choking the capillary en­

trance to the bulb. Only the bot tom 0 f the bulb was inmersed in the 

freezing mdxture at first and the Dewar flaSk was gradual~ raised as 

the ice accumulated. V~en about 30 cc. of water had distilled overt 

the bulb was sealed off at the lower end of the capillar,y. 

The distillation of water vapor through capillar.1 ~aces proceeds 

slowly. 'fo faoilitate the operation the Taps It 2 and 3 were of large 

(2 mm.) bore. It is essential that the evacuation be ver.y thorough as 

traces of permanent gas block the diffusion of the water vapor. For 

this reason the pressure vIas brought down to 0.04 mm. before each dis­

tillationt the pressure bei:cg observed on a lfcLeod gauge. 

Considerable difficulty was encountered in overcomdng leakage of 

the stopcocks. Experienoe showed that Pyrex stopcooks are not sui table 

for high vacuum work without careful re~rinding. Diffioulties were 

also encountered in finding a suitable stopcock lubricant. A prepara­

tion supplied by the j'isher Scientifio Comp~ and named ftCello-grease" 

was found most effective. It retained its consistency well over a con­

siderable temperature range, though it was found to dr.1 out rather 

ra.pidly, necessi tat1ng frequent re-greasing. The tubing was sloped as 

shown in :t1lg. 1 so that excess tap grease would not choke the tube lead­

ing to the reaction bulb. ~ freezing bulb could be easily removed 

and cleaned When necessar,y. 

The sealed reaction bulb was allowed to warm up to room temperature, 

the potassium cyanide dissolving in the water but the gold being kept 

out of contact with the resulting solution. 

The bulb was then placed in the shaJd.ng apparatus illustrated in 

Fig. 2, of the-side arm into the cyanide solution t 

and the time noted. 
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Figure 2. 



The shaker operated in a cons tant temperature bath a plan of which 

is shown in Fig. 3. The precaution of uaiDg a thermostat was taken to 

have identical temperature conditions in case ~ reaction Should take 

place. No reaction was found to occur so that this precaution proved 

to be unnecessar,y. 

At the end of a measured period of time the bulb was removed from 
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the bath, and the gold foil shaken into the side arm and drained of solution. 

The entire tube 8lld contents were then weighed. The bulb was opened 

and the gold foil and cyanide solution removed. The gold foil was washed 

with distilled water, alcohol and ether just as before starting the run 

and then weighed. ~e c.yanide solution was titrated in aliquot parts to 

give the amount of cyanide remaining in solution. The empty glass tube 

and oap as broken -off were then washed, dried and weighed. The weight 

of water distilled into tube was thus obtained by subtracting from the 

weight of the tube, and all ita oontents, the swm of the weights of gold 

f01l, potaSSium oyanide and empty glass tube. 

Description of Buns ~e 

Five runs were made as Just desoribed usiDg a reaction bulb of 

Type I. A slight loss of gold was shown in each of these runs. It was 

suspected from the a.ppearance of the gold that this might be attributable 

to mechanical abrasion as the cylinder of gold foil slid back and forth 

in the tube as it was shaken. This suspicion was confirnsd by a control 

run (f 6) which was made with distilled water in place of the cyanide 

solut ion. The foil showed a loss in weight similar in amount to those 

found in the previous runs. 

The results of these six runs-are given in the following table. 
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Loss in Area of _.l,t Hours Strength 
Run No. Wt.of foil foil perc Shaken KCN used 

1 0.'1 JIg. 2Ocrr:;, 0.035 ng. 6 

2 1.0 ng. 21.04 c~ 0.047 rIg. 15 5.5% 
3 e.l ug. 12.« c~ 0.650 ng. 16 11.2f/o 

4: 3.0 ug. 9.28 c~ 0.320 JIg. 38 3.6% 

5 6.1 JIg. 
2 13.26 cm 0.380 ng. 65 2.~ 

6 6.6 ug. 19.98 cnl* 0.330 JIg. 16 Dist. H~ 

It is evident from comparison with run #6 that the loss of weight 

of the gold in the cyanide solution might well be due to mechanical 

abrasion alone. 

Buns 17 and 18 were made with the same type of bulb but were not 

shaken at all. 

Lellgth of 
time in 

Loss in Area ot ~. lost contact Strength 
Run No. Wt. of toil foil per cm2 with KeN KeN used 

1 0.1 ng. 11.56 c~ 0.0057 ug. 1* days 3% 

8 1.0 118. l1.66 crtf. 0.0570 :ag. 22 days 3'1> 

A slight reaction seems to have oocurred. 

According to Elsner's equation one milligram of gold is equivalent 

to 0.04 Dg. of 02 which in a 15 cc. bulb, as these reaction bulbs averaged, 

would give a pressure of about half a millimeter in the space above solu-

tion, s~ 50 cc. volume. 

A ver,y 8light 1e~e of one of the taps during the distillation of 

the water could evident~ account for reaction of the ~itude indicated 

by these 108ses in weight. 

A bulb of Type 11 in which the gold was held firm[y in position in 

the neck by small ridges in the glass was devised to eliminate mechanical 

rubbing of the foil and two runs usiJJg it were made w1 th the utmost care 
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to prevent leakage during the distillation. All of the taps were thorough-

~ cleaned and re~reased and the period of time required for distillation 

kept at a ~nimum. Before distillation the system was evacuated beyond 
-~ cr&..I~~7. 

theregister of the 1IcLeod gauge. A perfectly negative result ~ee •• ~. 

Total Hours strength 
Run No. Au lost Shaken KeN by wt. 

9 0.0000 '1* hrs. 1.88% 

10 0.0000 108 hrs. 
tri days 1.20~ 

As a control to show that nothi:cg in the various procedures oould pre-

vent reaction from taking place a run was made following the same procedure 

exactly but air was admdtted before sealing off the bulb. 
; -1- r, 
~~ Au lost Hours Ai·r Strength 

Run 1I0. per c~ Shaken Pressure KCI 

11 1'1.4:1 621- hra. 660 um. 

Julian and Smart ~ested that reaction should take place in the 

absence of o~gen at higher temperatures. Run #8 was heated for four 

o hours to 100 O. and subsequently remained sealed for twenty-two d~s. 

The sl~ht loss in weight of the gold led to runa#12 and 13 betQg made. 

These were not shaken but remained, one at room temperature and the 

o other in an oven at 106 C. for ten days. 

Ran No. Temperature Hours Run 
stre:cgth 
KeN 

a 1000 O. 4: hra.at 1000 e. 
Not shaken 

12 O.O(K Room Temp. 10 d~s 

13 0.000 1060 C. 10 days 

There is no evidence that heating to 1000 C. produces 8.!13 obange 

in the character of the reaction. 

o onc lusi on, It was concluded that suffioient evidence had been 

obtained to conflr.m definitely the views that the reaction between gold 



and aqueous potassium cyanide solution does not proceed in the ab­

sence of oxygen or other oxidizing agent. 

Liquid Ammonia Work 

Some experiments were attempted also with a solution of potassium 

cyanide in liquid armnonia. The salt is extremely soluble in this sol­

vent and the condition of almost complete absence of o~gen from air 

makes this solution of considerable interest. Three experiments were 

made. One b,J droppi~ a piece of gold foil into a solution of pure KeN 

in anq,drous ammonia, second by repeating and adding also a little free 

iodine, the common oxldiz1Dg agent for liquid ammonia, and third a 

stream of o~gen was bubbled through a solution containing a piece of 

gold foil. 

No reaction was obtained in a.D:9 case which is wortby of note. Re­

action would be expected to ocour in the presence of an oxidizing agent 

such as free iodine. 

3'1 

A red precipitate was observed to form When oxygen was bubbled 

through a cyanide solution. Time did not perm t an attempt to isolate 

and identify this substance but the phenomenon undoubtedly merits further 

investigation. 

The actual experimental data from which all of these figures are 

drawn are given 10 the following tables. 



Tabulated Results 

Run 11 Type 11 Bulb Fused 

Wt. An foil used 

Area of foil 

Wt. lost in gs. 

2 Wt. An lost per cm • 

Wt. KeN in bulb 

Wt. bulb - contents 

Wt. empty bulb 

Wt. water in bulb 

5t»ength KeN solution 

Time fused 

Time shaken 

Run #2 

wt.Au foil used 

Area of foil 

wt. lost in ge. 

Wt. 
2 

lost per cm • 

Vlt. KeN in bulb 

Wt. bulb - oontents 

Wt. empty bulb 

Wt. contents 

Vol. liquid ill bulb 

Strength KeN sol. 

Time tused 

Time shaken 

- 1.6681 g. 

20.0 cm2 • roughly. 

- 0.0007 ge. 

- .036 JIg. 

-
- ~lintered on opening. 

-
- -
- --
- 1 hour at dull red heat. 

- 6 hours. 

Type #1 l?ulb ~used 

- 1.7614 g. 

2 - 2l.()4. cm • 

- 0.0010 g. 

- 0.047 ng. 

1.575 g. 

- 106.6 g. 

- '15.8 g. 

- 30.8 g. 

- 28.6 cc. 

- 6.5% by wt. 

- 1 hour at dull red heat. 

- - 16 hours. 

3B 
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Run '3 Type *1 Bulb bused 

Wt. Au foil used - 0.7781 g. 

Area of foil 12.44 cm2. 

Wt. lost in gs. - 0.0081 gs. 

Wt. 
2 

lost per cm • - 0.65 ug. 

Wt. KeN in bulb - 1.520 g. 

Wt. bulb - contents - 105.~ g. 

Wt. empty bulb - 89.60 g. 

Wt. oontents - 15.83 g. 

Vol. liquid in bulb - 13.56 co. 

StreDgth KeN sol. - 11.2% KeN 

Time £Used - One hour at dull red heat. 

Time shaken - Sixteen hours. 

Run1/i Type 11 :Bulb Fused 

Wt. Au foil used - O • .fr020 g. 

Area of foil - 9.28 cm2. 
Wt. lost in grams - 0.0030 g. 

Wt. lost per o~. - 0.32 ug. 

Wt. KeN in bulb - 1.398 g. 

Wt. bulb - contents - 110.6 g. 

Wt. empty bulb 70.2 g. 

Wt. contents - 40.3 g. 

Vol. liquid in bulb - 38.6 QC. 

streJlgth KCE' sol. - 3.6% KeN 

Time fused 1 hour at dull red heat. 

Time shaken - 38 hours. 
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Run 1f5 TYpe =lfl :5\11 b Fused 

Wt. An foil used 0.88« g. 

Area of foil 2 - 13.26 cm • 

Wt. lost in grams - 0.0051 g. 

Wt. lost per om!. - 0.38 JIg. 

Wt. KeN in bulb - 1.206 g. 

Wt. bulb - oontents - 122.0 g. 

Wt. enq>ty bulb - 78.2 g. 

Wt. oontents - «.8 g. 

Vol. liquid in bulb - (,2.8 co. 

StreDgth KeN 801. - 2.8% KeN 

Time fused - 1 hour at bright red heat. 

Time shaken - 65 hours. 

Run #6 ~e 11 Bulb Control run with distilled water. 

Wt. Au foil used 0.9534: g. 

Area of foil - 19.98 o~. 

Wt. lost in ga. - 0.0066 g. 

Wt. lost per om!. - 0.33 ng. 

Vol. dist. H2O - :8ulb 1/3 full. 

Time shaken - 76 hours. 
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Ran '7 ~e 11 Bulb Fused 

Wt. Au foil used 

Area of foil 

Wt. lost iD. grams 

Wt. lost per c~. 

Time of fusion 

Time sbaken 

-
-
-
-
-

1.2097 g. 

17.56 cm2. 

0.0001 g. 

0.005'1 Jr€. 

1 hour at dull red heat. 

Remained quiesoent at room temper­
atures throughout for 1at d~s. 

Run 4f8 T:vpe #1 :Bulb Hot ]Used 

Wt. Au foil used 

Area of foil 

Wt. lost in grams 

Wt. lost per om2• 

No fusion attempted. 

Time sbaken 

Run #9 

Wt. An foil used 

Wt. lost in grams 

Wt. KOlf in bulb 

Wt. bulb - oontents 

Wt. empt7 bulb 

Wt. oontents 

Vol. liquid in bulb 

StreDgth KeN 801. 

No fttsion attempted. 

Time shaken 

-
-
-

-

1.2111 g. 

17.56 cm.2. 

0.0010 g. 

0.057 ug. 

Bulb quiescent for most of 22 d~s. 
Heated to 1000 O. for 4 hours. Re­
mainder of time at room temperature. 

Type 12 Bulb Not Fused 

- 1.4:583 Co 

- 0.0000 g. 

- 0.384:'1 g. 

- 66.29 g. 

- -'3.39 g. 

- 21.90 g. 

- 20.06 00. 

- 1.881& b7 wt. 

- 761- hours. 
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Rqn #10 Type #2 Bulb Not Fused 

Wt. An foil used - 1.5908 g. 

Wt. lost in grams 0.0000 g. 

Wt. KON in bulb - 0.4:059 g. 

Wt. bulb - contents 88.76 g. 

Wt. empty bulb 53.02 g. 

Wt. contents 35.74: g. 

Wt. liquid in bulb - 33.'14 

Stre~th KON sol. 1.20% by wt. 

No ~s10n attempted. 

Time shaken. - 4:-1/4 days. 

Run III Type 11 l'ulb Fused 

Wt. An foil used - 0.8916 g. 

Area of foil - 13.60 cm2. 

Wt. lost in grams 0.2368 g. 

Wt. 2 0.01'1.41 g. - 1'1.41 JIg. lost per om • -
Wt. KON in bulb 0.94'1 g. 

Wt. bulb - contents - 136.9 g. 

Wt. empty bulb - '18.2 g. 

Wt. oontents - 68.'1 g. 

Wt. liquid in bulb - 66.8 

StreJJgth KCN sol. - 1.64% KeN by wt. 

TiIOO fused 1-1/4 hrs. bright red heat 

Time shaken - 62§- hours. 



lWp 112 ~ #1 Bulb Not Fased 
Not Shaken Kept at Room T. 

Wt. Au foil used - 0.6736 g. 

Area of foil 2 - 20 •• 0 cm • 

Wt. lost in grams - 0.0001 g. 

Wt. 
2 

0.00. Dg. lost per om • -
Wt. KQlI in bulb - 1.570 g. 

Wt. bulb - oontents - 119.8 g. 

Wt. bulb eJqpty - 70.8 g. 

Wt. oontents - (,9.0 g. 

Wt. liquid in bulb - .6.7 g. 

Strellgth KeN 3.25% 

Time run 10 days standing at room temp. 

Run #13 ~e f.l Bul b. Not Fu.sed No Shaki!lL1: 
Kept at 1050 0. 

Wt. Au foil used - 0.6602 g. 

Area of foil 2 13.26 om • 

Wt. lost in grams 0.0000 g. 

Wt. lost per om2. - 0.0000 g. 

Wt. KeN in bulb - 1.353 g. 

Wt. bulb - o ontent 8 - 105.2 g. 

Wt. bulb empty - ".6 g. 

Wt. contents - .0.7 g. 

Wt. liquid in bulb 38.6 

streDgth KON - 3 •• '; 

Time ran 10 dqs standing at 1050 O. 



Experiment s in Liquid Amroonia. 

DPP 11 Simple solution. 

Reagents - 1 g. KeN dissolved in 200 OC. a.uh¥drous liquid anmonla. 
oontained in Dewa.r flask. 

Wt. Au foil - 0.5036 g. 

Wt. lost in grams 0.0004 g. 

Remarks: BrowniSh white preoipitate settled out of solution but also 

settled out of a similar solution oontaining no gold foil. 

Run 12 Effeot of 12 on action. 

Reagents - 1 g. KeN dissolved in 200 00. a.uh¥drous liquid ammonia 
oontained in Dewar flask. I f#M.' ..4·()d~ ;.,~ IULdeJ 

Wt. Au foil - 0.5032 g. 

wt. lost in grams - 0.0000 g. 

Remarks I No ohaQge at all. 

Runf3 
Reagents - 1 g. KClI in 200 00. liquid amnoma. stream of o~en 

bubbled through for one hour. 

Xo loss in weight. Considerable quantity of red ~.olpitate obtained. 



PART 11 

Preliminary Work 

Usillg the same apparatus as in the previous part, a number of 
hu /h,s 
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runs were made with ~8 containiDg added oxygen. These were found 

to be ent1req unsatisfa.cto17. Tb.q were prepared as before with the 

exoeption that Just before sealing off o~gen was a.dm1 tted to some de-

sired pressure. A mercur.y manometer was connected to the apparatus to 

mea.sure this. 

The bulbs were sbaken for about three days in the bath which was 

o 
thermostated at 26 O. They' were then opened, the foil weighed, and 

the o,yanide solution titrated. 

Seven raIlS were made in this manner giving results as tabulated 

below. 

Run 
No. 

1 

2 

3 

6 

6 

., 

Hours 
Shaken 

Koles Au 
dissolved 

70 hrs. 0.0()(.6 

'10 hrs. 0.0012 

'10 hrs. 0.0011 

70 hra. 0.00051 

'10 hrs. 0.Q04.'1 

'10 hrs. 0.00033 

140 hra. 0.00040 

llfoles 02 
present 

0.0020 

0.0006'1 

0.00060 

0.00019 

0.0019 

0.00016 

0.00016 

1Io1es KON 
reacted 

0.00082 

0.00381 

0.00291 

0.00229 

0.00805 

-

Ratio 
An/02 

2.08 

Ratio 
KeN/Au 

1.8 

1.7 

--
--

The last two runs, numbers 6 and 7, were opened under water to see 

1 f a:t13 gas remained in the bulb. Such was found to be the case and sub­

sequent attempts were made to collect this and analyse if for o~gen 

bJ' means of a mioro-burette. No suooess was attained. In the runs above 

o~ half of the ox;ygen present a.ppeared to have reacted. In #'1 the time 

of reaction was doubled and the ratio of gold dissolved to o~gen present 



was inoreased somewhat. According to Elsner's equation this ratio Should 

be 4 and that of cyanide to gold 2, 8S, 

4 A.u + 8 KeN t 02 + 2 H20 -~4. K Au (ON)2 .. 4. KOH 

In order to determine the exact stoichiometric relationships in this 

reaction a.tl apparatus had to be devised which could measure the quantity 

Of o:qgen present in a reaction bulb initially and finally. The amount 

of oxygen reaoting per unit of gold Is so small that the problem presented 

was rather difficult of solution. SUch an apparatus was devised and is 

desoribed. 

Design of Apparatus. 

The apparatus was designed so that gold could be brought into control 

\Vi th a potassium cyanide solution of a:n:I desired strength under an at-

mosphere of oXJgen. The reaction chamber was connected to a differential 

manometer so that the oha:nges in pressure which occur due to reaction 

oould be followed. 

The apparatus is shown in diagram in Fig. 4. The entire construc-

tion was of ~ex glass. The reaction bulb consisted of a cylindrical 

glass bulb fitted with a capillar,r tube at the bottom Which could be 

opened or sealed at the point A. At the top of the 'bulb was sealed a 

gla8s tube fitted with a ground. glass cap. At the~l~ of this tube 

and the reaction chamber a side tube was sealed which was oonstruoted so 

as to connect w1 th the remaiDder of the system at C and with the capillary' 

tubIng from the base of the reaction chamber at]S. Taps 1 and 2 were 

placed in this tube so that the remainder of the system could be closed 

off if desired. 

Within the reaction chamber was a stirrer made of glass rod sealed 

on to a glass tube sealed in turn around an iron nail. This could be 
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raised up and down by means of a solenoid guided by two brass rods 

which passed through its frame. By means of this stirrer gold foil 

placed upon the lower end could be alternatJ1d!pped into and removed 
~ 

from a oyanide solution contained in the lower portion of the bulb. 

The raisiDg of the solenoid was accomplished bY' gearillg it on to -the 

motor used in stirring the bath. 

Connected at C was a line running to the differential manometer and 

to a merc~ manometer. The differential manometer was filled with 

Cenoo "!flvac lt oil and was provided w1 th a leveliug bulb II operated by 

means of the double Tap 10 and single Tap 8. On the right hand side 

a glass pointer X was sealed in so that the manometer on this side could 

be brought to the same level on successive occasions. The levels of the 

oil on both sides of the manometer were read from a Ddrror scale on 

which it was mounted. Tap 4 was sealed between the two halves so that 
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when desired the pressure on each side could be equalized mere~ b.J open-

At the point E a oalibrated volume of about 200 cc. was sealed into 

the system. This was used in oalibrating the actual volume of the re-

action chamber and cOlll1ectillg tubing up to Tap 4; and various levels of 

the oil in the left hand side of the manometer. Tap 3 was provided so 

that it could be shut on or off at will. 

Tap 5 was provided so that the pressure above the right half of the 

manometer could be kept oonstant. If this were not done the difference 

in level between the halves would not represent a ohange in pressure 

within the reaction chamber. 

L was a large bulb of about one liter oapacity. provided so that 

when the level was adjusted on the right side there would be sufficient 



volume above the oil to prevent an error of measurable magnitude on 

the left side due to slight errors in adjustment at the level of the 

pOinter X. 
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A mer01117' manometer was connected to the system through tubing as 

shown at points K and Q. It was used in getting an absolute reading of 

the initial pressure in the reaction Chamber. T.he construction of this 

manometer was unique in that the evacuated side was not sealed off. 

Oonstructed as Bhown, the right hand side was evacuated, pressure applied 

on the left so that the mercury was forced up into the U-tube. Then 

Tap 13 was closed and the pressure released. The mercury thread in the 

oapillary of the right broke leav1Dg a mer01117' sealed vacuum. 

~e pressure within the apparatus was varied at will by the system 

of taps for pressure adJustment. ~en was adDdtted at the gas inlet, 

a constant flow being perDdtted by the mercur,r pressure valve. A vacuum 

from a Canoo ''Brvao« pump was maintained in the line marked uvacuumft
• 

Taps 10 and 9 were two~ taps allowiJlg either pressure or vacuum to 

be exerted on either of the system or the manometer leveling bulb. Taps 

8 and 7 were connected as guards against mishap in using 10 and 9. 

M was a large co~nsatiDg volume connected to the leveling bulb 

line in order to caunter-act the pressure effect of L on the other side 

of the differential manometer. Tap 6 was connected between the system 

and 011 leveling bulb so that both could be evacuated simultaneously. 

The entire apparatus was thermostated in a water bath at 250 O. with 

the exception of the mer01117' manometer and the pressure adjustment stop­

cocks. Points K, Pt and Q, represent roughq the pOints at which the 

connections leave the bath. Fig. 5 is a plan diagram of the bath assembly. 
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The letters represent the same pOints as in Fig. 4:. The bath consist-

ed of a sheet iron tank about 15 in. square and 26 in. in depth. On 

one side a plate glass window about 10 in. wide was inserted whioh ran 

the whole depth. The apparatus was so assembled that the mirror scale 

of the differential manometer oould be read through this window. In 

order to bring the large volume of water to approximately 250 C. a series 

of four coils of niQhrome wire were used as auxiliar,y heaters with about 

20 amps. passing through them. These were manipulated by a hand SWitch. 

To maintain the temperature at 260 C. a 100 watt lamp bulb was used in 

series with a double-rel~ circuit governed by an ether-mercury contact 

thermoregulator. A wiring diagram of this oircuit is given in Fig. 6, 

Whioh is self explanatory. The bath was stirred by means of two shafts 

with five paddles each, distributed throughout the full depth. 

The actual assembly of this apparatus differed somewhat from the 

linear llIl>res8ion one might gather from Fig. 4:. The mirror scale and 

differential manometer were fastened to the flat side of a board. On 

the left of this was fastened the frame and guides for the solenoid with-

in whlQh rested the reaction ohamber. Fig.? is a frant view of this 

assembly t photographed as used. To the right can be seen the large 

volume L. The calibrated volume and polnt E in the line together with 

the leveling bulb N were fastened to the reverse side of the same board. 

Fig. e ls a photographic view of this rear assembly. The bulb L and the 

solenoid guides can be seen here as well. Fig. ~ contains a diagram of 

this circular form of assembly. 

Fig. 9 is a photograph showing the connections between the apparatus 

set up for use in the bath, with the stopcock assembly and mercury manometer. 

-
In Fig. 10 the bath is shown in place and the apparatus connected re~ 

for us. 
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Figure 7. 



Figure S. 
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Figure 9. 
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Figure 10. 



Oalibration of the Ap,paratu8 

The apparatus was designed to measure pressure changes in a known 

volume so that by means of the f'undamental gas .., t the amount of 0'%3-

gen which reacted could be oaleulated. 
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The 1ni tlal pressure was measured directly by means of the mercury 

manometer, usillg it against an BOO mm. mirror soale, giving an accuraoy 

Of 0.4 DID. Ohanges in pressure were measured by means of the oil dif­

ferential manometer usillg a mirror scale of the same accuracy. 

At the beginning of a run the oil level on both sides was brought 

to the level X. Then as reaction proceeded the level on the left was 

raised. In so doing a change in volume took place so that at the end 

of the reaction the s.ystemwas not on~ at a different pressure but oc­

cupied a different volume. 

:Before mald.ng aD:3 runs the apparatus was calibrated, by means of 

an expansion from the oalibrated volume, for ~ oil level in the left 

haud side of the manometer. This prooedure was a.s folloVls: The capil­

lary tubing was sealed off at A. The stirrer was placed in the reaction 

bulb and the ground. glass oap greased and f1 tted into place. All of the 

Taps 1, 2, 3, 4, 6, 6, were opened wide and the system evacuated and 

flushed with oxygen dried by passing over phosphons pentorlde. The 

pressure was read upon the meroury manometer when filled oompletely with 

dried o~gen at apprOximately atmo~ric pressure. Tap 3 was then 

olosed and the system evacuated oompletely. :By means of Taps 10 and 8 

the oil level in the manometer was raised as high as was possible. 

Tap 4- was olosed. Tap 3 was opened so that the gas within the oall brated 

volume expanded very slowly. As expansion prooeeded the left hand side 

of the oil manometer was forced down. !J means of Taps 10 and 9 pressure 



was then adndtted to both the right side and the leveling bulb so 

that a constant level in both sides was maintained. Vihen expansion 

through Tap 3 was com.plete then the levels in the manometer were 

matched exactly and the pressure on the right hand side read from the 

mer011l7 manometer. This was equal to the pressure on the left hand 
1(W~r:· , 

side. ~ means of the __ big bulb the oil level was run down the 

mirror scale so that an equivalent pressure could be read for various 

levels. 

The volume of the system at each of these levels was calculated 

as follows: 

P, Vl ~ P2 (Vl + V2 ) 

where Pl - Pressure in oalibrated volume. 

P2 - Pressure in ~stem after expansion. 

Vl - Volune of oalibrated volume. 
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V2 - Volume of system less that of the calibrated volume. 

Vl was oalibrated by weighing when empty, and when filled 
o 

with distilled water. It lrdS found to oontain 19'.67 cc. at 25 C. 

~e v~es for Pl and P
2 

were corrected for temperature variation 

from tabular data taken from the Eleventh Edition of the ttChemical R\1b-

ber Comp~ 'Handbook'." 

Four calibrations of the apparatus were made and data obtained giv-

ing the volume at various levels. ~e volume obtained was plotted 

against the reading on the mirror scale of the oil manometer. A photo­

graph of such a ourve is given in Fig. 11. After completion of a run 

the volume was read dlrect~ from such a GUrVe. 

The calibration extends to the line marked Z on the capillary tub-

iDg. The leDgth below this line is -measured and its volume obtained by 
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mltiplying the volume in cc. per DIn. by the length. The volume per 

DIn. was obtained by calibration with mercury and is 0.000464 cc. 

Data from which this curve was constructed is given in the following. 

In the following tables the values for Pressure and Volume are the cor-

rected ones. 

Oalibration 'Rn» il, 

Pressure in Cal1brated Volume - 76.07 

Tem,perature - 25° O. 

Volume of Calibrated Volume - 194.67 

Volume of cap1llary below Z - 0.49 cc. 

D1ft. lIan. Pressure 
Readillg in System Vl -r V2 V

2 

48.07 40.80 362.95 167.79 

40.10 40.12 369.11 173.95 

30.52 39.37 376.14 180.98 

19.78 38.M 384.24 189.08 

10.87 37.86 391.14 195.98 

6.52 37.58 39ol.05 199.89 
'.'--



Calibration Run 12. 

Pressure in Oallbrated Volume - 75.28 

Temperature - 25° o. 

Volume of Calibrated Volume - 194.67 oc, 

Volume of caplll~ below Z - 0.4:9 cc. 

Dltt. J.fan. Pressure V1 f V2 
Readlug in System 

48.39 -iO.3'1 363.01 

3'1.01 39.46 371.4:8 

27.29 38.67 378.98 

1'1.00 37.92 386.58 

6.68 37.18 344:.16 

Calibration Rpn 13· 

Pressure in Oa1ibrated Volume - 75.63 

Temperature - 25
0 

O. 

Volume of Calibrated Volume - 1~.67 co. 

Volume of oapl11ar,r below Z - 0.49 co. 

Ditt. JIan. Pressure V1 .. V2 
ReadiJJg in System 

48.66 ('().65 362.19 

34.88 39.52 372.71 

22.46 38.57 381.72 

12.71 31.81 889.39 

6.09 37.38 393.96 
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V2 

167.85 

176.32 

183.82 

191.42 

199.00 

V2 

167.03 

177.55 

186.56 

194.23 

198.80 



Calibration Run #i. 

Pressure in Calibrated Volume - 75.58 

Temperature - 26° O. 

Volume of Calibrated Volume - 194.67 cc. 

Vo1UlD3 of oapl1lar,y below Z. - 0.49 00. 

Ditf. )fan Pressure V1 -+ V2 
Readlllg in System 

49.42 -«>.68 361.69 

38.67 39.'16 3'10.05 

27.98 38.88 378.43 

21.04 38.39 383.26 

14.81 37.86 388.63 

6.41 3'7.31 394:.35 
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V2 

166.53 

174.89 

183.27 

188.10 

193.47 

199.19 



Use of the Apparatus. 

A number of special manipulations were developed in the use of 

the apparatus, which are best described in sequence as they occur in 

the course of preparing a run. It Is for this reason that the follow­

lDg description of a t,1,pioal ran is given. 
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The reaction bulb was opened by removing the ground-glass cap and 

auttil'lg the tip off of the cap1lla.I7 tubing at A. The stirrer was re­

moved, Taps 1 and 2 were closed, all others opened, and the system eva­

cuated up to 1 and 2. 50 oc. of potassium oyanide solution of known 

composition was introduced into the reaction bulb from a calibrated 

burette by means of a rubber catheter tube attached to the tip of the 

burette aDd thrust down into the reaction chamber. After deliver,y of 

the solution was complete the rubber tubing was drawn out care beiDg 

taken to prevent wettiIlg of the upper walls. 

~ trtgger D consisting of an iron core enclosed in glass tubing 

waa moved so as to obstruct the base of the tubing above the reaction 

chamber. A weighed pieoe of gold or silver foil was then placed on the 

end of the stirrer which was in turn lowered by means of the solenoid 

so that it rested securely on the obstruction presented by D at the base 

of the upper tube. 

~gen was then passed into the chamber through the capillary tube t 

and bubbling up through the solution. This was done to displace air 

from the reaction vessel. In order to prevent the loss of ~ cyanide 

by volatllization of ~ h¥dro~zed material, this stream of gas was 

passed previous~ through two gas washing bottles connected in series 

and oontaining about 100 oc. of the same cyanide solution. These were 

conta.ined in the thermostat as shown in Fig. 5. 



The ground glass cap was then put in place and Tap 2 opened slowly 

so that a flow of gas passed through the side tubing into the evacuated 

system. When the side tube was flushed free of air Tap 2 was closed 

and the system b~ond evacuated ~ain. 

After a high vacuum, 0.2 mm., had been reached Tap 2 was opened as 

before and o:qgen let into the system till a.tmospheric pressure was ob­

tained. Tap 1 was opened to equalize the pressure between the capillary 

tubing and remainder of the system. The rubber connection to the gas 

bubblers was removed and the capillar,y sealed at A. 

011 was forced up in the differential manometer until both sides 

were level at X. The pressure was then read on the mercury manometer, 

a value for the temperature of the bath was taken on a 1JeokmaJ'lllthermo­

meter t and the exact level of the oil on either side was read. 

Tap 3 was closed to cut off the volume of the calibrated bulb, and 

Taps 4 and 6 were closed to put the differential manometer into opera­

tion. The 011 was forced further up into the arms of the oil manometer 

to prevent the right hand side from getting too law during reaction. 

Then the stirrer was raised off the trigger which was pulled out 

of the obstructive position. The adjustments of the stirring were made 

so that the toil on the end of the rod dipped in and out of solution 

continaous~. The course of reaction could then be followed by bring­

illg the right hand 011 level to the value of the painter X and noting 

the rise of that on the left hand side. 

When reaction had proceeded as long as was deemed necessar.f the 

stirrer was raised out of solution and ~ain held in position in the 

upper tube by means of the trigger D. The system was then allowed to 

come to equilibrium so that all the solution wetting the gold had reacted. 



Th~n a final reading for the oil manometer was read giving the change 

in pressure. The capillar" was broken at A, the stirrer removed so 
that the foil oould be weighed, and the cyanide solution forced into a 

container from which 1 t oould be analyzed. 
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Disgussion of Results 

The first investigation made with this apparatus was a study of 

the simple stoichiometrical proportions of the three reactants. 

The amount of gold reaoting was observed by weighing the foil be-

fore and after. The cyanide was titrated in 10 cc. portions at the 

commencement and end of each run. The atOOunt of oxygen observed in 

each run was calculated as follows. The initial amount of oxygen in 

the system could be calculated from 

The amount present at the end of the run w-as, 

so the amount absorbed is 

P1 - inl tiaJ. pressure in atmosphere read on the' mercury 

manometer. 

Vl - volume of 8,Ystem at level X, less 50 cc. the volume 

of added KeN solution. 

P 2 - Pl less the change of pressure indicated by the rise 

of the 011 level in the differential manometer. 

V2 - volume of 8,1stem at the final level of the oil. 

R - gas constant in cc. atmo~ere. 

T - temperature of bath. 

In order to use the 011 manometer the specific gravity of the "Cenoo 

B;yvac" oil had to be mea.sured. It was found to be 0.89316 by maJd.ng 

three weigh1n8s in a specific gran ty bottJe. To convert oil pressures 
-~~" ~ 

~'~, 0 
to centimeters of mercury the ratiO. Densitx • '''for 25 C. was used to 

Density ~ 
JI? ./ 

'.~ --_...--'/'/ 
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P 
DIl1tlp1y the 011 readiXlg. Thls was found to be equal to 15.222. 

Twelve runs were made in identical manner. In some of them the 

concentration of the ~an1de solution was varied to see if ~ effect 

upon the stoichiometrioal proportions could be observed. No marked 

effect was noticeable. Results in tabulated form are as follows. 

Av. ~ 

Run Strength 
No. KeN 

1 0.« 

2 

3 0.53 

5 0.'16 

6 0.98 

7 

8 

9 

10 

11 

12 8.81 

1Io18s An 
Dissolved 

x 10--4 

28.14: 

21.62 

21.66 

18.31 

19.57 

21.19 

15.62 

16.89 

1&:>les ·02 1401es KON 
Reacted Reacted 
,,10· " )'.10--" " 

58.66 

1.12 ~3.26 

«.68 

39.9(. 

29.~2 

22.97 

21.00 

36.~6 

5.12 27.62 

Average 
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~ee blank runs were made with the apparatus using different con-

oentrations of cyanide. No pressure change was observed over a twenty­
hour 

four/period in ~ case. 

The ratio for gold to o~gen here is in the neighborhood of three 

with little tendena,y to alter with inoreasing concentration of ~anjde. 
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Comparing with the ratios involved in Elsner's equation where 

All :. (. !Qli ~ 2 1&QH ~ a 
02 Au 02 

from (. Au t a KeN + 02 T 2 H20 ---7 (. KAn (ON)2 + (. KOH 

it is apparent that some conflicting reaction is occurr1l'lg which Is 

removi~ o~en in addition to reaction with gold. The aver~e a,ranIde 

o~gen ratio obtained here bears out this poInt also. 

The value for the ~anide gold ratiO seems to be establiShed in 

agreement with Elmer's equation. The slightly high value may be as-

cribed to error in titration. 

Two theories can be offered in ex,planation for the low value ot 

gold to o~en. First, gold 'f'JJfq be dissolvlIJg with the formation of 

potassium aurioya.n1de,xAu (ON)", as well as potaSSium auroC7a.n1de, 

KAu (ON) 2' as 

(1) " Au + 16 KON .. 302 + 6lI20 -----;> (. XAu (eN) (. ; 12 KOlI 

(2) and (. Au ; a KeN + 02 t ?JI20 -----;>4 EAu (ON)2 t 4: EOR. 

The fact that the cyanide gold ratiO found in this work is more in ac­

cordance with equation #2 than equation 4#=1 could be explained as due to 

lack of technique in analyzing for auricyanide which might decompose 

into aurocyanide upon titration with silver nitrate. If the reaction 

chamber oontained products of both of these reactions some such set of 

values as were obtained are possible. Second, the theory of Bodlander 

in which he postulates format ion of h¥drogen peroxide as an intermediate 

would also explain the results obtained, as 

(3) 2 Au .,. (. KeN -l 02 .. 2 H2fl -------? 2 KAu (eN) 2 -l H20 2 ~ 2 KOH followed by 

(oi) 2 Au ~ 4: KeN .., H202 ------- 2 KAu (eN) 2 l' 2 KOH 

SWmDation of the two gives Elsner' s equation. It all of the qdrogen peroxide 

did not react when formed results, such as were obtained, could be explained. 
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To distinguiSh between the two theories, two runs were made u8i~ 

silver foil. This foil was rolled from commercial c.p. grade silver 

without attempt at further purification. Results obtained were in 

oomplete agreement with those obtained in the gold runs. 

Ratios 
Run Av. strength 1& ~ KeN -No. KeN Moles Ag llloles 02 Moles KeN °2 Ag °2 

13 1.08% 22.32 7.32 "6.57 3.6 2.08 6.36 

14 1.1316 23.12 7."2 68.62 3.11 2.53 7.Ba 

T.here is no possibility in the case of silver of there being formed 

a oompound of more than one valence of metal. The indication is there-

for that Bodlander's theor,J is the correct explanation. 

To check for the formation of ~drogen peroxide a number of runs 

were made in the presence of an excess of Oalcium and Barium oxides. 

Figures for the stoichiometrical proportions of these runs were irregular 

but results from them definite~ establiShed the formation of peroxide 

during reaotion. 

A white preoipitate formed on the surface of the foil, which gave 

a positive test for peroxide with starCh iodide. It was evident~ cal-

oium or barium peroxide as no test for silver was obtainable. The c"8-

anide solution containing excess of oaloium or barium ~drox1des as a 

preoipitate also gave a positive test for peroxide with starch iodide which 

it did not before reaction. 

As a result of these qualitative tests some runs were made as before, 

but in the presenoe of a quantity of precipitated manganese dioxide, lfnO~" 

These were made in the hope that the peroxide formed would be decomposed 

1lImedlately due to the oatalytic effect of the manganese dioxide. If so 

a value of " for the gold-oXJgen ratio Should be found. 
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Four runs with silver and three with gold were made and such a re-

su1t was obtained. The data of the following table shows the values ob-

tained. 
l4etal 

Run No. Uetal Used 1401e8 Jletal ltIoles O2 Ratio °2 

15 AB 29.58 7.39 4.002 

16 AB 18.M 4.M 3.92 

17 .4g 21.39 5.28 4004: 

18 Ag 23.19 5.80 4.04 

19 Au 16.91 (,.23 3.97 

20 All 20.(,7 5.13 3.99 

21 Au 16.64 3.91 4.00 

A blank run was also ma.de with added ~anese dioxide. No reaction 

took place. 

No oonoern was taken of the 07anide ratios as proper value was ob-

tained in the first twelve runs. 

In oonclusion, it is evident from this work that gold dissolves in 

an aqueous solution of potassium cyanide to form hydrogen peroxide and 

potassium aurooyanide in accordance with the views of ~dlander. Some of 

the peroxide formed reacts with more gold to form additional aurocyanide. 

All of the peroxide formed does not react however witkiDAaa _. __ ,alll .. 

11.1" ., a'k. The reaction oocurs in full accordance with Elsner's 

equation onq if some oatalytio agent ls present which is oapable of de-

composing the peroxide as fast as formed. 

The data for these runs are given in the following tables. 



Tabulated Results 

Run #1 

Values for Gold. 

Amount dissolved 

~les gold reacted 

Values for Oxmgen. 

Initial Pressure 

Temp. Corrected Press. 

Pressure change due to reaction 

Pressure change 

Volume initial~ -
Volume finally 

Temp. of reaction -
Moles o~gen reacted 

Values for Cyanide, 

0.5551 g. 

0.00281(, 

o 74.71 om. at 23.(, C. 

27.81 cm. oil 

1.827 cm. mercury 

149.18 cc. 

128.58 cc. 

250 O. 

0.000925 

71 

Titration Value per 10 00. - Initially - 6.68 aCt Finally - 0.~9 00. 

Normalit,y of AgN03 used 

MOles cyanide reacted 

-
- .005866 



Values tor Gold 

Amount dissolved 

MOles gold reacted 

Values for Oxygen 

Initlal Preeaure 

Run 11=2 

TeDl>. Correoted Press. -

O • .t243 g. 

0.002152 

75.34 om. at 23.00 O. 

75.o.t 

Pressure change due to reaction 21.11 cm. 011 

Pressure change 

Volume 1nl tiaJ.ly 

Volume finally 

Temp. of reaction 

~les o~gen reacted 

Values for Cyanide 

Titration Value per 10 cc. 

Normality of AgN03 used 

Moles cyanide reacted 

-

-

-

1.3868 om. mercury 

1.t9.18 oc. 

133.51 cc. 

250 o. 

0.000712 

- Initial~ - 6.31 oc. 

Final~ - 1.73 co. 

O.094M N. 

.004326 
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Run 13 

Values for Gold 

Amount dissolved 

MOles gold reacted 

Values for OxYgen 

Initial Pressure 

Temp. Oorrected Press. 

0.002165 

o 
7~.13 am. at 22 O. 

73.86 

Pressure ahange due to reaction 21.20 am. oil 

Fre ssure change - 1.3928 cm. mercury 

Volume initial~ 149.22 ca. 

Volume finally - 133.50 cc. 

Temp. of reaotion 

Holes o~gen reacted - 0.0007047 

Values for Qyanide 

Titration Value per 10 cc. - Initially - 6.70 ac. 

Normality of AgN03 used 

Koles cyanide reacted 

-
-

Final~ - 1.98 oa. 

0.00«68 
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Values for Gold 

Amount dissolved 

MOles gold reacted 

Values for Oxygen 

Initial Pressure 

Temp. Corrected Press. 

0.3910 g. 

0.00198( 

-
-

75.88 cm. at 230 a. 

75.58 

Pressure change due to reaction 18.40 cm. oil 

Pressure ohange 

Volume initially 

Volume finally 

Temp. of reaction 

MOles o~gen reacted 

Values for Cya:n1 de 

-

-
-

1.2087 om. maraury 

149.20 oc. 

135.57 oc. 

250 C. 

0.000624 

Titration Value per 10 cc. - Init1al~ - 6.73 co. 

Normality of AgN03 used 

140 le s cyanide reacted 

Final~ - 20 06 cc. 

0.0~5(. N 

0.00399(. 

7(, 



Value 8 for Gold 

Amount dissolved 

~1e8 gold reacted 

Values for Oxygen 

Initial Pressure 

Run 15 

Temp. Oorrected Press. 

0.2771 g. 

0.001405 

-
75.86 cm. at 210 O. 

'15.58 

Pressure change due to reaotion 12.65 cm. oil 

Pressure change 

Volume tnitial~ 

Volume finally 

Temp. of reaction 

Mole B oxygen reacted 

Values for Cyanide 

-

-

O.83l()(' cm. mercury 

149.09 cc. 

139.35 cc. 

25° O. 

0.000435 

Titration Value per 10 cc. - lnitial~ - 7.76 cc. 

Normality of ~N03 used 

1401es oyanide reacted 

-
]'inally - 4.64 cc. 

0.09454 N 

0.002~ 
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Value s for Gold 

Amount dissolved 0.2236 g. 

~le8 gold reacted 0.001135 

Values for Oxygen 

Initial Pressure - 75.97 cm. at 190 O. 

Temp. Oorrected Press. - 76.72 

Pressure chBllge due to reaction 8.40 cm. oil 

Pressure challge 0.5518 cm. mercury 

Volume initially - 34(..13 cc. 

Volume finally 337.82 cc. 

Temp. 
0 

of reaction 25 C. 

Moles o~gen reacted - 0.0003490 

Value 8 for Cyanide 

Titration Value per 10 cc. - lnitial~ - 8.20 cc. 

Normality of AgN03 used 

MOles a,yanide reacted 

-
-

Finally - 6.05 cc. 

0.10662 N 

0.002297 
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Run 17 

Values for Gold 

Amount dissolved 

MOles gold reacted 

0.2638 g. 

0.001338 

Values for 0xrgen 

Initial Pressure 

Temp. corrected press. -

Pressure ch.a.nge due to reaction 

Pressure change 

Volume in1tial~ 

Volume final~ -

Temp. of reaotion -

MOles o~gen reacted 

Values for Qianide 

75.79 cm. at 210 o. 

75.51 

12.49 cm. oil 

0.8206 cm. merOlll'Y 

148.35 cc. 

139.06 cc. 

250 O. 

0.0004275 

Titration Value ~r 10 cc. - In1tial~ -- 11.2( oc. 

Normality of AgN03 used 

MOles cyanide reacted 

-
Final~ 8.35 cc. 

0.09464: N 

0.001350 
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Values for Gold 

Amount dissolved 

MOles gold reacted 

ValueS for Ox,vgen 

Initial Pressure 

Rnn '8 

Temp. corrected press. 

0.3608 g. 

0.001831 

- 76.08 cm. at 210 o. 

76.80 

Pressure cha;nge due to reaction 16.05 cm. 011 

1.0544 cm. mercury 

149.99 cc. 

Pre ssure cha.l'lge -

Volume in! tially 

Volume finally 

Temp. of reaction 

MOles o~en reacted 

Values for Cyanide 

-
138.67 cc. 

250 c. 

0.0005256 

Titration Value per 10 oc. - 1nitial~ - 12.23 cc. 

Flnal~ - 8.87 cc. 

Normality of AgN03 used 0.10662 N 

MOles o,yanlde reacted 0.003646 
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Run :/t9 

Values for Gold 

Amount dissolved 0.3858 g. 

Moles gold reacted 0.001957 

Values for OxYgen 

Initial Pressure 76.32 cm. at 21.8° C. 

Temp. corrected press. 76.03 

Pressure chenge due to reaction 16.93 cm. oil 

Pressure change 1.112 cm, mercury 

Volume initially 149.43 cc. 

Volume finally 136.89 cc. 

Temn. of reaction 25° C • .... 

Moles oxygen reacted 0.0005788 

Values for Cyanide 

Titration Value per 10 cc. - Initially - 15.86 cc. 

Finally - 12.14 cc. 

No rme.l i ty of Agl103 used 0.10662 N 

Moles cyanide reacted 0.002042 



Run 110 

Values for Gold 

Amount dissolved 

Moles gold reB~cted 

Values for OXYgen 

Initial Pressure 

Temp. corrected press. 

0.4177 g. 

0.002119 

76.28 cm. at 21.80 c. 

75.99 

Pressure change due to reaction 

Pressure change 

19.61 cm. oil 

1.2883 cm. mercur.y 

148.27 cc. Volume initially 

Volume finally 133.75 cc. 

Temp. of reaction 25e c. 

Moles oxygen reacted 0.0006683 

Values for Qyanide 

Titration Value per 10 cc. - Initially - 19.91 cc. 

Finally 15.82 cc. 

Norme.lity of AgN03 used 0.10662 N 

Moles cyanide reacted 0.002177 
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Values for Gold 

Amount dissolved 

Moles gold reacted 

Values for OxYgen 

Run *11 

0.3151 g. 

0.001562 

Initial Pressure 78.02 cm. at 23.5° C. 

Temp. corrected press. 77.70 

Pressure change due to reaction 12.14 cm. oil 

Pressure change 0.7975 cm. mercury 

Volume initially 344.14 cc. 

Volume fina1~ 335.05 cc. 

Temp. of reaction 250 c. 

Moles o~gen reacted 0.0005117 

Values for Cyanide 

Titration Value per 10 cc. - Initially - 36.73 cc. 

Finally - 34.15 cc. 

Normality of AgN03 used 0.10662 N 

Moles cyanide reacted 0.002762 
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Values for Gold 

Amount dissolved 

Moles gold reacted 

Value s for OXYgen 

Initial Pressure 

Te~. Corrected Press. 

0.3329 g. 

0.001689 

75.86 cm. at 24° C. 

75.55 

Pressure change due to reaction 

Pressure change 

15.18 cm. oil 

0.99724 cm. mercury 

Volume initial~ 

Volume finally 

Temp. of reaction 

Moles o~gen reacted 

VeJues for Cya..nide 

-

149.53 cc. 

139.10 cc. 

25° o. 

0.0005232 

Titration Value per 10 cc. - Initially - 67.18 cc. 

Finally 62.54 cc. 

Normality of AgN03 used - 0.10662 N 

Moles cyanide reacted - 0.00419 

82 



Run 113 

Vplues for) SlIve;: 

Amount dissolved 

Moles silver reacted 

Values for OXYgen 

0.2408 g. 

0.002232 

Initial Pressure 76.92 cm. at 190 c. 

Temp. corrected Press. 76.67 

Pressure change due to reaction 20.82 cm. oil 

Pressure change 

Volume in! tial1y 

Volume finally 

Temp. of reaction 

Moles o~gen reacted 

Values for Qyanide 

1.3677 cm. mercury 

149.53 cc. 

133.79 cc. 

25° C. 

0.0007322 

Titration Value per 10 cc. - Initially - 10.84 cc. 

Normality of AgN03 used 

Moles cyanide reacted 

Finally 

0.1066 N 

0.004657 

6.46 cc. 
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Run il~ 

Valusefor Silver 

Amount dissolved 

Moles silver reacted 

Values for OeYgen 

0.2494 g. 

0.0023118 

Initial Pressure 77.11 cm. ,At 220 o. 

Temp. corrected press. 76.82 

Pressure change due to reaction 21.35 cm. oil 

Pressure change 1.4026 cm. mercury 

Volume initie_l1y 149.36 cc. 

Volume fine_lly 133.36 cc. 

Temp. of Reaction 250 o. 

Moles oxygen reacted 0.0007427 

Values for Cyanide 

Titration Value per 10 cc. - Initially - 10.76 cc. 

Normality of AgN03 used 

Moles cyanide reacted 

Finally 

0.1066 ~r 

0.005852 

5.27 cc. 
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Run #15 Mn02 added 

Values for Silver 

Amount dissolved 0.3191 g. 

Moles silver reected 0.002958 

Values for Oxygen 

Initial Pressure 75.24 cm. at 220 C. 

Temp. corrected press. 74.96 

Pressure change due to reaction 21.77 cm. oil 

Pressure change 1.4302 cm. mercury 

Volume initial~ 149.13 cc. 

Volume finally 132.81 cc. 

Temp. of reaction 250 C. 

Moles oxygen reacted 0.0007394 

Run 116 Mn02 added 

Values for Silver 

Amount dissolved 

Moles silver reacted 

Values for Oxygen 

Initial Pressure 

Temp. corrected press. 

0.1968 g. 

0.001824 

o 
75.11 cm. at 21 C. 

74.84 

Pressure change due to reaction 13.68 cm. oil 

Pressure Change 0.8987 cm. mercury 

Volume initia1~ 149.09 cc. 

Volume finally 138.88 cc. 

Temp. of reaction 250 C 

Moles oxygen reBcted 0.0004643 
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Run +17 Mn02 added 

Values for Silver 

Amount dissolved 

Moles silver reacted 

Values for Oxygen 

Initial Pressure 

Temp. Corrected Press. 

0.2307 g. 

0.002139 

75.04 cm. at 260 c. 

74.70 

Press. change due to reaction 15.66 cm. oil 

1.0288 cm. mercury 

152.41 cc. 

Pressure change -
Volume initie.11y -
Volume fina.lly = 140.70 cc. 

Temp. of reaction = 27° C. 

Moles oxygen reacted - 0.0005278 

Run #18 Mn02 added 

Values for Silver 

Amount dissolved 

Moles silver ree.cted 

Values for O;rgen 

Initial Pressure 

= 
= 

0.2499 g. 

0.002318 

75.77 cm. at 270 C. 

Temp. corrected press. = 75.42 

Press. change due to reaction 17.01 cm. oil 

Pressure change 

Volume initially 

Volume finally 

Temp. of reaction 

Moles oxygen reac.ted 

-
-
-
= 

= 

1.118 cm. mercury 

152.36 cc. 

139.60 cc. 

270 C. 

0.0005798 
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Run #19 Mn02 added 

Values for Gold 

Amount dissolved 

MOles silver reacted 

Values for Oxygen 

Initial Pressure 

Temp. corrected press. 

0.2299 g. 

0.0011664 

-
o '''.62 cm. at 23.6 O. 

Press. change due to reaction 9.« cm. oil 

Pressure change 0.6202 cm. mercury 

Volume in1tial~ - 162.4:8 cc. 

Volume finally 14:5.37 cc. 

Temp. of reaction -
140le s o~gen reacted - 0.0003237 

Run #20 Mn02 added 

Values for Gold 

Amount dissolved 0.3332 g. 

~les silver reacted 0.001690 

Values for Oxygen 

Initial Pressure 76.4:8 cm. at 25.60 C. 

Temp. corrected press. - 16.14 

Fre ss. chaDge due to reaction 15.11 om. 011 

Pressure change 0.9920 cm. merC1l.17 

Volume initially 152.11 oc. 

Volume finally 142.80 oc. 

Temp. of reaction -
1401e8 o~en reacted - 0.0004231 
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Run if 21 Mn02 a.dded 

Ve.lues for Gold 

Amount dissolved 

Moles silver rea.cted 

V eJ. ue s f 9r O:srgen 

Initiai Pressure 

0.4034 g. 

0.002046 

75.31 cm. at 26° C. 

Temp. corrected press. 74.97 

Press. change due to reaction 12.29 cm. oil 

Pressure chenge -- 0.8074 cm. mercury 

Volume initially - 152.08 cc. 

Volume finally - 140.72 cc. 

Temp. of reaction -
Moles oxygen reacted = 0.0005132 
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~e followiDg contributions to the field have been made. 

1£ An apparatus was devised for the rigid exclusion of gases 

from aqueous solutions • 

.&.. An apparatus was devised whioh makes possible the study 

of a three phase system in whioh the solid phase is metallic. 

A& A method was developed for following small changes in 

pressure in a s,ystem, a pressure range of from one to eight,y centi­

meters of mercury. 

J£ It has been established b~ond possibility of doubt that 

the presence of o~gen is necess8r,1 for the solution of gold in 

aqueous potassium cyanide. 

Aa. The reaction has been shown to take place in two ateps. as 

(1) 2 Au + 4 KeN .,. 02 t 2H~~ -----12KA.u (ON)2 + KOH f H202 

(2) 2 Au + 4 XON' t 112'>2 ------7 2 KAu (CN)2 1 2 KOH 

which, when S11mnarized, gives 

(3) 4 Au t 8 KeN 1 02 t 2H~ ---j'>' KAu (ON)2 t 4: KOH. 

~ Under ordinary conditions the second reaotion, equation 2, 

does not go to completion. 
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1... In the presenoe of manganese dioxide, the reaction has been 

Shown to prooeed in absolute accordance with the ~'mmarized equation. 



J.a. A stu~ of the reaotion velooity by means of rate of 

absorption of o:qgen was found impractioable due to this forma­

tion of ~drQgen peroxide. 
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