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IT can scarcely be considered a inatter of doubt., in t.he 
present &ate of our knowledge,, that the existence of, at  any 
rate, two well-markecl allot.ropic moclificntions of golcl can be 
recognizecl, nanlely (a), the orcliuary, yellow variety, ancl ( t)  
the red, Lrowu or pilrple, nou-lustrous, amorphous variet.y. 

There are, incleecl, not wanting inclicatiolls that still other 
allotropic fornls may be capable of.esisting. I t  is, for instance, 
possible that the green colors of gold obtained under cer- 
tail1 conditions, or the black powcler grocluced n~hen  the alloy 
of gold with potassium i s  clecomposecl by water, may represeut 
further allotropic moclifications, although this l~roposition is 
ope11 to cloubt. I t  call scarcely be pretencled that the two first- 
namecl varieties have been absolutely isolateil, j e t  i t  is, perhaps, 
quite per~nissible to speak of the 6Fdinary and the amorphous 
modificatious as haviug a provecl esist,ence. 

Orclinary gold is sometimes found crystallized in nnture, 
althongh never in a state of purity. When golcl is meltecl and, 
coolecl slowly,'its surface shows crystalliue markitlgs, and t.he 
fact. that it is capable of crystallizing iu the cubic system may 
be lookecl npou as estaljlishecl. Wheu golcl is producecl by 

I 

precipitation, the form which i t  assumes is clepeucleut on the 
collclitious of precipitat,ion. G. Rose says that golcl precipitated 
by ferrous sulpha.te from very dilute solutions is so finely 
divicled that no regular form can be recoguizecl, bnt in Illore 
couceutratecl solutions the precipibate  consist,^ of nliunt,e cubes. 
Wheu oxalic acicl is ilsecl as a precipitant, the gold is coarser 
ancl forms oct,ahedral crgetals. J. Thornsen "as obtainell 
similar reenlts. Workiug with dilute and mit.h highly-clilute 
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I Po~ygr~t ( lo~: t f ' s  Anllc~lot der PhysiL und C.'ho~~.ie, vol. lxxiii., p. Y (1S4S). 
Jotcrlrcrlfur prctktische C'ltesiie, vol. xiii., p. 3.18. 
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solutions, I have nlyself been quite unable to recognize ally 
crystalliue structure, even nncler the highest powers of the 
microscope; nor dicl there seem to be even ally teudellug of 
the particles to group thelnselves into arboresceut forms, such 
as nlight indicate illcil)ieilt crystallizatiou. Precipitates from 
solutions colltai~lillg between 0.0001 aud 10 per cent. of gold 
gave no inclications of crystallization, even wheu magnified 800 
diameters. 

Thornsen (loc. cil.) has also poiutecl out that the physical 
characters of precipitatecl gold diEer accordiug as i t  has 1)eeu 
precipitated from solutions of its chloricle or its bromicle. He 
also fouud that these different forms possessecl clifferent degrees 
of therrnic energy, aucl heuce cleclucecl a strong argumeut in 
favor of their being allotropic varieties. 

The specific gravities of various forms of golcl difler con- 
sicleral~ly. G. Rose (loc. cit.) fouud that fuseel golcl hacl a 
clensity of 19.3336 after it had heen compressed in a coining- 
press, it being a little lower before this mechanical treatment. 
The density of precipitated gold thro\vn down by ferrous sul- 
 hate he fonud to vary fro111 19.5419 to 20.6882, the highest 
figures beiug obtaineel from extrrmely-rlilute solutions, the 
precipitate from which showecl no trace of crystalliue form ; 
wheu precil~itatecl b j  osd ic  acitl its specific gravity was 
19.791.  When such amorphous gold was struck in the coin- 
ing-press, its deusity became reducecl to 18.0194. I have founcl 
that the density of gold left on clissolviug out various metals 
alloyecl with it, when the gold remains behind iu a brown, 
amorphous, lusterless couditiou, varies betweeu 30.3 ancl 19.5.3 

I t  is only fair to notice that Rose dicl not ascribe the cliEer- 
ences iu the cleusities of the dieerent for~us  of gold to allot- 
rol~ism, but has suggestecl another explauation, which is 
hardly, to my mind, a suficient one. It is probably safe to 
assume that there are two modifications of gold-oue a light 
one, of density 19.3 or thereabouts, and the other a heavy one, 
the density of which approaches 20.7-~vbile various combina- 
tions of these extreme forms are capable of.occurring. 

I n  this connection the curious clivergeucies in the cleusities 
of specimens of native gold, from different localities but of 

See note hy the writer, Trans., xxii., 11'7 (1893). 
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about the same composition, may also be referred to ;  allotro- 
piam may, at any rate, be suggested as a possible explanation 
of them. There are thus sufticie~~tly well nlarkerl cliffereuces 
in physical characteristics to support the hypothesis of allot- 
ropism. 

As regards che~nical l~roperties, Thomsen has also poiutecl 
out that when ai1lorphous, pnlverulent gold is actecl on by 
chlorine or bromiue, izurylic cvrnyouucls (Au,Cl, or Au,B%) are 
~ r o d u c e d  ; whereas, these same substances produce auric coin- 
pounds (AuCl, or AnBr,) 117ith orclinnry golcl. 

I have founcl another point of difterence, of far greater 
1)raatical importance, in the beha\-ior of these modifications 
ton-ar~ls mercury. Ordinary gold, of course, amalgamates 
readily, as is well known. I llave founcl that gold precil~itated 
fro111 highly-dilute solutions by ferrous eulphate is not attacked 
a t  all by mercury when freshlj  precipitateel, nncl only slightly 
after clrying on au air-\lath. Near the boiling-yoiut of mer- 
cury, partial amalgamation took lblace, but i t  was 11y no nlennq 
conll~lete. Mercury co~ltaiiliug a large amount of socliuiu 
amnlgnnl was equally without eEect on the r1r-j- gold, although 
i t  readily ancl coml~letely amnlgamatctl i t  wllen moist. I n  
these ol~servations I seen1 to hare  been partly nuticilxited by 
Lucln-ig Kuaffl," who, however, apl~eal.c.(l to attacll little i n -  
portnuae to his nl~serration+. Iu a bricsf note on the prel~ara- 
tiou of certain am;~lgams of gold, he says : 

' 'C~ol~I precipitatetl by green rit.rio1 or mercurl-111s nitrate is not suitable for 
anialgnmation, as i t  is too finely divided and alwsrs ,flon/a on the s~srjwe of the 
~ n e r c u r y ~  as a black powder, whether heated mercriry be poured upon heated gold 
or zricc Tersn. I examined this floating black powder, and found it to contain gold 
and mercury. . . . Gold precipitated either l ~ y  rueans of arsenious acid or by 
boiling a solutiou of the chloride in amylic alcohol, when it separates out in small, 
lustrous octahedra, is hest suited for nmalganintion." 

I t  nlny also be aclclecl t,llst the purple of Cassius, which prob- 
ably contains an allotropic nlodificatiou of gold, is not attacked 
by mercury. The black pulverulent form of' golcl resulting 
from the clecompositioil of ' the  potassium-gold alloy likewise 
resists amalgamat~ion. 011 the other hand, the coherent gold 

DingLrrls Polytceh~~~isches .Jorctnnl, vol. clsriii., p. 2S3 (1863). 
The italics are mine.-H. L. 



108 T H E  ALLOTROPIS3I OF GOLD. 

sponge left on dissolving out the alloying metal fro111 a gold- 
d o y  amalgamates fairly readily, as cloes also the coherent pale- 
bron~u yowcler iroclucecl by precipitating with sull?hnrous acid 
a stroi~g solution of aaric chloride. 

All forms of gold are converted into the ordinary yellow, 
lustrous variety by the  action of heat. A very high tempera- 
ture is not required, but the exact poiilt has not yet been 
cletermineil; it is certainly well above 200° C., but probably 
under 600' C.'j Po\verf~~l  n1ech:inical action, such as lbercus- 
sion, friction, or co~npressiou, has the sanle effect. 

I clo not l>retentl that the a l~ore  clntn form a n ~ t h i n g  like a 
complete chain of eriilellce proving irrefragibly the allotrol~isnl 
of golcl, or that our kuowleclge of this subject is precise or 
definite; yet I venture to think that the facts (lo warrant us in 
looking upon the follo~vil~y cleclnctions as probably correct: 

1. Golcl is capable of existing in allotropic moilifications. 
2. One of these modifications is capable of arualgamation 

only with great dificulty, if at :ill. 
3.  his modificatiou is capable of beiug produced and of 

subsisting unrler conditions that may reasona1)ly be snpposed 
to esist i n  nature \vhen gold in cleposited i n  reefs. 

Whatever may hare beeu tlle nature of tlle solution by 
means of \rhich gold has been iiltroclucecl iuto the deposits in 
which we fiacl it, whether as a soluble haloid salt, as is generally 
supl>osecl, or as an alkaline aurate, as I venture to s i~gges t ,~  i t  
must have beell precipitatecl from such solntion ill various 
ways aud uncler varyi11g co~lclitions. W e  have but few iudica- 
t i o ~ ~ s  of the cause of this precipitation, but it is reasonable to  
conjecture that such reagents as ferrous sulphate or sulphurous 
acid, both resulting, perhaps, from the slow oxidation of iron 
pjrites, may have fouud their way, in solution, into the fissures 
within which the gold-solution was circulating, aad may thus 
have causecl the deposition of gold within the reefs. Now, if- 
the gold, thus cleposited from highly-clilute solutions, lmppeuecl 
never to be esposecl to a particularly high temperature, or to 
violent mechanical action, tlle co~lclitious would be favoral~le 

V am at present engaged in investigating this point, and hope to p~lhlisb 
shortly the result of my research.-H. L. 

On the Mode of Occurrence of Gold, Mi~nerctloyiectl Illuyuzi71e, rol. x. ,  No. 47, 
p. 241. 
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to the production of that allot.royic moclificatiou of golcl which 
is indifk'erent to the action of mercurg. I n  other ~vords, uuder 
the above conclitions, an auriferous deposit will have been pro- 
cluced in which a greater or s~llaller part,, or perhaps ereu the 
whole, of the gold is what. gold-miners term rnsty." I hare 
little doul~t  that the "rustiness" of gold is in different cases' 
clue t,o wiclely-different causes-t,hat, in fact, there is more thau 
one kincl of "rnstiness;" but I venture to think, also, that. 

, 

t.llere is suEcient ericlence to warrant us in classing allot.ropism 
a~lloug such causes of " rnstiness." If t,his is correct, I ueecl 
ha~clly point. out either the great. practical value or the applica- 
t,iou of this decluction. The gold which is t.hns allotropicnll~ 
iuclift'erent to nlercury is ill a conclition in which it. is readily 
attacked by such reageut,~ as clllorine ancl potnssic cyauide. I 
hare pointed out long ago that the golcl of the Wit~ratersrancl 
deposits of the Transvan1 was probably deposited in sitil under 
some such couditious as I have slretched above, and it. is now 
notorious hhat a large proportion of the gold in t,llenl is not 
attacked by mercury, but readily 11y pot,assic cya~licle solution. 
Again, iu some cases i t  may be econolnically feasible to cou- 
vert the no~l-amalgamal~le nloclification of gold into the coln~lloli 
ainalgan~able variety by heating the ore t,o a nloclerate ten)- 
yerat,nre, or the same end nlay he attained by mechanical 

, 
111enn~. I u  any case, the only ren.llp ~ouncl metl~ocl o f  prevent- 
ing losses of gold in the process of golcl-estract.iou is that of 
ascertaining, in the first place, the ult,imate causes of such loss; 
and I venture to hope that i t  will be found t.hat among such 
causes, the one here b a t e d  of-namely, allotropisn~ of golcl- 
mill be fouilcl worthy of inore .consiclern.tion thna i t  has hitherto 
received from ,sci&itific gold-miuers. 




