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III. A Letter to the Right Honourable the
- Earl of Morton, Prefident of the Royal
Society.  Containing Experiments and Ob-
ervations on the Agreement berween the
Specific Gravities of the Jeveral Metals, and
their Colours when united to Glafs, as well

as thofe of their other Proportions: By
Edward Delaval, F. R. S. M. A. and
Fellow of Pembroke Hall, Cambridge.

My Lorp,

Read Jan. 24, T T AKE the liberty of laying before
1765 I your Lordthip the following paper,
containing a variety of facts and experiments, which
I have endeavoured to apply to fome Optical in-
quiries.
Befides the experiments originally contrived and
made by myfelf, I have repeated moft of thofe

which I have quoted from others.

Sir Ifaac Newton, in his Optics, has thewn by
a feries of experiments, that the feveral differences
of colours, exhibited by thin tranfparent plates, are
occafioned by their feveral thicknefles; and that
therefore the tranfparent parts of bodies do, ac-
cording to their different fizes, reflect rays of one
colour and tranfmit thofe of another; and confe-
quently that the bignefs of the component parti-
cles of natural bodies may be conjectured from
their colours; fince the particles of thofe bodies
moft probably exhibit the fame colours as a plate

4 of

[
The Royal Society is collaborating with JSTOR to digitize, preserve, and extend access to 2z
Philosophical Transactions (1683-1775). EIK@IE

®
www.jstor.org



[ 1t ]

of equal thicknefs, provided they have the fame
denfity. He concludes this whole doctrine in thefe
words : ¢ I have hitherto explained the powers of
<¢ bodies to refle¢t and refra&, and fhewed that
« thin tran{parent plates, fibres, and particles, do,
« according to their feveral zhickneffes and denfities,
¢ refle& feveral florts of rays, and thereby appear
¢« of feveral colours; and by confequence, that no-
¢ thing more is requifite, for producing all the
¢¢ colours of natural bodies, than the feveral fizes
¢¢ and denfities of their tran{parent particles.”

Though he has accurately fhewn what coburs
arife from the feveral changes of zhicknefs, I do not
find that any one has attempted to explain 7z what
manner the differences of denfity, in the component
particles of bodies, contribute to produce the feve-
ral differences of colours: and therefore I thought,
that if inftances could be produced of bodies whofe
feveral differences of colour appear to be propor-
tioned to their feveral degrees of denfity, it would
tend to illuftrate this part of Optics.

To this purpofe, however, are conducive all thofe
experiments and obfervations, from which Sir
Ifaac Newton has inferred that bodies have their
refradtive and refletive powers nearly proportional
to their denfities ; and that the leaf} refrangible rays
require the greateff power to refle@ them: which
is deducible from.hence, 1. that the red rays are
refle@ed at the greateff obliquity of incidence, and
the violes at the leaft, 2. that the violet is refleted,
in like circumftances, at the eg/? thicknefs of any
thin plate or bubble, the red at the grearef? thick-

nefs, and the intermediate colours at intermediate
C 2 thicknefles.
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thicknefles. 3. The fame appears from the table
(p. 206.) in which the thickuetles of air, water,
and glafs, and the colours produced by them are
fet down.

Thefe experiments are applied by him to tranf-
parent bodies and the colours exhibited by them ;
but they are equally applicable to permanently
coloured bodies: and it appears from them, that
denfer fubftances ought, by their greater reflective
power, in like circumftances, to refle¢t the /fs re-
Jrangible rays, and that fubftances of Jefs denfity
thould reflet rays proportionably more refrangible,
and thereby appear of feveral colours in the order
of their denfity.

In confirmation of this reafoning, I fhall give
inftances of natural bodies, which differ from each
other in denfity, though circumftanced alike in
other refpe@ts; and fhall thew that they differ in
colour, in the fame order they do in denfizy, the
denfoff being red, the next in denfity orange,
yellow, &c.

In fuch an inquiry metallic bodies feem to de=-
ferve our firft and principal attention, as their
fpecific gravities have been afcertained by well
known and repeated experiments. Without enter-
ing into a minute chemical theory of the princi-
ples of metals, it is fufficient to obferve that they
are univerfally allowed to confift of 1. an inflam-
mable or {ulphureous matter, which is of the fame
kind in all the metals; 2. of a fixed matter or
calx, which appears in each of the metals to be
fpecifically different in weight, as well as in other

properties.
2 As
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As the fulphureous matter, in the intire metals,
a@s firongly on the rays of light, it is neceflary to
calcine, or to divide them into extremely minute
particles, in order to examine feparately the action
of the calx, or fixed matter, on the rays of light.

In order to examine all the metals in like cir-
cumftances, by reducing them into the (malleft
particles, and depriving them of their {ulphur as far
as was practicable, I expofed each of them, united
with a proper quantity of the pureft glafs, without
any additional ingredient, to the greateft degree of

7e they are capable of bearing, without baving all
colour whatever defiroyed.

In this ftate it appears, from a variety of experi-
ments and facts, that they actually do, without any
exception, exhibit colours in the order of their
dentfities, as follows,

Gold Red.
Lead — e—— Orange.
Silver ———Yellow.
Copper — — Green.
Iron === — Blue.

GOLD.



[ 14 ]
G OL D.

G OL D, which is the denfeft of all the metals,
imparts a red colour to g/afs, whenever it is divided
into particles fo minute, that it can be intimatel
mixed with the ingredients of which the glafs is
made ; and it feems indifferent in what manner it is
reduced to this ftate. Thus
1. From the powder obtained by rubbing go/d

with a pumice ftone, ufed by the gold{miths

in polithing it, mixed with nitre, borax, and
potafh, a beautiful red glafs is produced [4].

2. When a {fmall quantity of a folution of go/d in
aqua regia is evaporated on a glafs plate, with
a gentle heat, that part of the gls/s on which it
lay thinneft, is tinged red, by the entrance of
the particles of go/d into it’s furface [4].

3. Artificial rubies are made by mixing with g/afs,

gold diflolved in aqua regia, and afterwards cal-
cined in the furnace [¢].

[a] Sol fine vefte, cap. 8.

Junker, Confpectus Chem. tab. xxx111. de Auro, p. 852..

Aurum detritum pumice, feu pulvis auri pumice, quo auri-
fabri fua opera poliunt et abradunt, commiftus, Gold-Schliff, fi
cum ana nitri, boracis, et cinerum clavellatorum liquido funda-
tur, prabet vitrum, inftar optimi opificum encauftici, rubro colore
pellucidum, fubfidentibus paucis auri granulis; teftante autore
Solis fine vefte.

Shaw on Boerhaave’s Chem. vol. i. p. 79. Gold ground with
pumice, and afterwards fufed with equal parts of nitre, borax,
and pot afhes, affords a fine tranfparent red glafs.

[2] Philof. Tranf. N°, 286.

[¢] Neri’s art of Glafs, chap. 129.
Calcine Gold with aqua regia many times, pouring the water
upon jt five or fix times: then put this powder of Gold in

4. Kunkel
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4+ Kunkel prepared a powder for the fame purpofe,
by precipitating the go/d from the folution by
an alkaline liquor [4].

5. Gold precipitated by tin from aqua regia, and
melted with glafs in a proper proportion, tinges
it with a beautiful ruby colour: this method
was difcovered by Caflius [¢], and farther im-
proved by Kunkel [ £].

6. The fame colour 1s produced by fufing gold
with a large proportion of tin, and two thirds
of lead, or by mixing it with regulus of anti-
mony, or tin by calcination, and adding to glafs
the powders of go/d obtained from thefe pro-
cefles [g].

7. Gold amalgamated with mercury, and digefted
with it for a confiderable time, may be reduced
to a fubtile powder by expelling the mercury :
this powder, melted into the glafs, tinges it of a
beautiful red [b).

earthen pans, to calcine in the furnace, till it becomes a red
powder ; which will be in many days ; then this powder, added
in fufficient quantity, and by little and little, to fine cryflal glafs,
which has been often caft into water, will make the tranfparent
red of a ruby, as by experience is found,

[d] Lewis’s Hiftory of Gold, p. 176.

[¢] Caffius de Auro, p. 105.

[ ] Junker, Confp. Chem. tab. xxx111. de Auro, p. 861.

[g] Shaw’s Notes on Boerhaave’s Chem. vol. i. p. 78.

[#] Shaw’s Abridgement of Boyle, vol. i. p. 459.

An induftrious perfon, having united Gold with a parti-
cular quickfilver, kept them in digeftion for fome montbs; when
the fire having been immoderately increafed, the fealed glafs
burft with a frightful noife: though the upper parts were blown
off and fhattered to pieces, yet the lower efcaped tolerably whole;
and I took notice, with delight, that it was tinged throughout
of a fine and glorious red, hardly to be matched by that of Rubies.

8. Gold



[ 16 ]

8. G./d leaf melted into the furface of glafs, by the
eleGric force, imparts a red colour to it: this
was firft obferved by Dr, Franklyn, and has
been often repeated [1].

There are many other ways of communicating
this colour to glufs by Gold; and I find no method
by which it can be made to produce any other
colour. If it be mixed in larger maffes, without
being minutely divided, it imparts no colour to the
glafs, but remains in its metallic form.

Grummet attributes this colour to the manga-
nefe, ufed in making fome forts of glafs, the colour
of which he fuppofes revivified by the nitre ufed in
the preparation of the gold: it is neceffary there-
fore to mention, that I have given a red by gold
to feveral glafles, in the compofition of which
there was 7o manganefe, and often by gold in the
preparation of which there was 7o nitre.

Several preparations of go/d will impart a fine red
to the fritt or materials of which glafs is made, in
a fmall degree of heat; though not minutely
enough divided, or in too large quantity, to remain
mixed with the glafs, when expofed to a degree of
heat {ufficient to vitrify them perfeétly.

[#] Franklyn’s Letters on Elericity, p. 65.

LEAD.
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L EA D.

L EAD, which is the metal whofe denfry is
next in order to that of gold, affords a glafs of the
colour of the Hyacinth, a gem whofe diftinguithing
charalter is, that it is red with an admixture of
yellow, the fame colour which by writers in optics
is called orange.

1. Lead, kept in fufion for a confiderable time, in
a ftrong crucible and a very violent heat, is re-
duced to a glafs of the colour of that gem [£].

2. Lead reduced to litharge, and melted with one
third or fourth part of it’s weight of fand, in a
covered crucible, in a ftrong fire for two or
three hours, unites with the fand into an orange-
coloured glafs like the former [/].

3. Glafs of Lead is mentioned by feveral authors,
as a compofition proper, without the addi-
tion of any other ingredient, for imitating the

Hyacinth [m].

[#] Flora Saturnizans, chap. x1. Henckel de appropria-
tione, cap. ii. fect. 4.

[/] Junker, Confpe&. Chem. tab. x1x. p. 434.

Recipe Lithargyrii partes tres, arenz nitide partem unam
mifta imponantur forti tigillo; per 3 circiter horas tenuiffime
fundantur, quo fa&o maffam fluentem in calidlum mortarium.
effunde, et habebis vitrum pellucidum, Hyacinthini ferme coloris,

[m] Shaw’s Leures, p. 299.

Lead melted into glafs with fand is the foundation of imitat-
ing all the coloured gems : for this glafs itfelf will refemble the
Hyacinth, &c,

Merret’s Notes to Neri, chap. 61.

Our author mentions not a Hyacinth from glafs of Lead. Bap,
Porta fupplies you with it, 1. vi. c. 7. in thefe words: To make

Vor. LV, D SILVER.
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SILVER,

YELLOW is the only colour which fver,
the metal next to lead in denfity, can by any prepa-
ration be made to impart to g/afs.

1. Without infifting upon what fome chymifts
affirm, that flver, on being calcined and ex-
pofed to a violent fire for a long time, was partly
reduced to a yelow glafs [n],

2. I have often given that colour, by moiftening the
furface of the glafs with a_folution of Silver, and
afterwards making it red hot.

3. If Silver be calcined with fulphur, it readily
communicates a yellow colour to glafs [o].

a very Hyacinth, and not much differing from the true one, put
lead into earthen pots that are very hard, in a glafs furnace, and
there let it ftand fome days, and thus your /lead is turned into
glafs, and imitates the colour of the Hyacnth.

Nichols’s Hiftory of precious ftones, part i. chap. 7. of the
Hyacinth.

The Hyacinth is a ftone (as faith Boetius and Rulandus)
which is red with-a certain yellownefs, or rufefiit in auro 5 that is,
it is red in yellow., Impoftors adulterate it with a kind of glafs
made of Lead.

Boetii gemmarum et lapidum hiftoria, 1. ii. c. 31. Adulte-
rium Hyacinthi vix weretur ; in illius locum aliquando fubftitui-
tur ex plumbo wvitrum, quod a verd gemmi pondere et duritie
facile diftinguitur ; mollius enim et gravius verd gemma,

[#] Merret’s Notes on Neri, chap. 82. Claveus faw Sifver
calcined two months in a glafs furnace; the twelfth part of
which became a citron glafs.

[0] Shaw’s Abridg. of Boyle, vol. i. p. 458. To thew more
particularly that glafs is porous, we took filver calcined by
burning fulphur. on it in the open air, and laid it upon a piece of
glafs, and placed it with the pigment uppermoft, upon a few

4. Having
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4. Having carefully purified an ounce of Sifver,
I kept it in fufion fome hours, with a fmall
quantity of g/afs, and found, that the glafs,
when cold, had formed a beautiful yellow enamel
on the furface of the filver.

5« Leaf filver laid on red hot glafs tinges it yellow.

When we meet with authors, who mention a
blue or greenith colour communicated by filver,
the caufe muft have been, that the filver ufed in
fuch procefles ‘was mixed with copper, as it gene-
rally is, when it is not carefully purified {pj. I
have always found, that fi/ver purified by the z¢#
retained fo much copper, that, when melted feveral
times with nitre and borax, it imparted a green
tinge at the firft and fecond melting, though after-
wards #o fuch colour was obtainable from it.

quick coals to neal a while; we gave it fuch a heat as might
make and keep it red hot, without fufion ; and then fuffering it
to cool by degrees, we found that the gla/s had required a yellow
and almoft golden colour.

Shaw’s Abridg. of Boyle, vol. ii. p. g8. Ilearned from one of
the chief artificers in painted glafs, that thofe of his trade colour
it yellow with a preparation of a calx of Silver.

Kunkel’s Art of glafs, part ii. art. 49. Experiment thews that
it is from Silver the finef# yellow is obtained. Shaw’s Letures,
p. 316. A little Sifver tinges white glafs yellow. )

Hook’s Micrographia. obf. 10. of Metalline colours, A third
argument that the particles of metals are tranfparent is, that
being calcined and melted with glafs, they tinge the glafs with
tranfparent colours. Thus the calx of filver tinges the glafs
on which it is annealed with a lovely yellow or gold colour.

[p] Merret’s Notes on Neri, c. go. Junker, Confpect. Chem.,
tab. xxx1v. p. 889. gor. Shaw’s Abridg. of Boyle, vol. ii.

p. 8.
D2 COPPER.
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COPPER.

GREEN is the only colour which copper,
the metal next to filver in denfity, communicates to
glafs, when melted with it in a fufficient heat,
without any additional ingredient: ‘Thus

1. By grinding cryflal glafs in a copper mortar, and
afterwards melting it, it becomes green.

2. Copper calcined per /¢ in a furnace [¢].
3. Copper calcined with fulphur [7], and
4. Scales beaten off from red hot copper plates

mixed with glafs, equally impart a green colour
to it.

It is indifferent in what manner the copper is
prepared, in order to tinge the glafs green, pro-
vided it be expofed, witbout any other ingredient, to
a fufficient degree of heat [s]. I have frequently pro-
duced a fine green from capper filings unprepared.

[¢4] Shaw’s Abridg. Boyle, vol.ii. p. 98. Though copper cal-
¢ined per fe affords but a dark and bafely-coloured calx, yet the
glafs-men tinge their glafs green therewith,

‘Neri, chap. 92.  This fort of pure/? glafs will be tinged into
all colours you defire : for example, into an emerald with brafs
thrice calcined, as is done for ordinary glafs: into.a fea green
with brafs calcined to rednefs.

{r] Junker, Confp. Chem. tab. x1x. p. 433. Beryllus mar
rinze viriditatis per caprum cum f{ulphure calcinatum,

[s] Kunkel’s Notes on Neri, chap. 32. Fhough with copper
alone one may produce green, it is neverthelels crocus martis dif-
ferently prepared that makes a variety in it.. I have not found
that the different manners of preparing copper have produced
different colours, I have experienced that by calcining capper per
J&> without any addition, I could produce alkthe effets that the

author teaches us to bring about by different preparations of that
metal,
If
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If a quantity of fz/ts be added in the prepara-
tion, they will, by attenuating the mixture, and
confequently Jeffening its fpecific gravity, make the
glafs incline to blue, the colour next in order [¢];
but this happens only when the fire is moderate ; for
in a greater degree of heat, the redundant falts, even
thofe of the moft fixed nature, are expelled [«].

It is true, that copper is mentioned by fome-
writers, as an ingredient in 7ed glafs and enamel :
but the red, which is the colour of the metal not
diffolved or mixed with the glafs, remains only
while the compofition is expofed to fuch a degree-
of heat as is too fmall to melt and incorporate it;
for, if it be fuffered to remain in the furnace # few
minutes after the copper is added, the mafs will
turn out green. inftead of red [w]: in effe, the pre-
paration of copper recommended on this occafion,

is exaltly the fame as that ufed in tinging glafs
green.

{t] Flora Saturnizans, chap. xi. art. 6. When a green
colour is to be given to glafs, care muft be taken ot to ufe to0
much falt-in the compofition of ‘the glafs ; otherwife the cclour
will be dlueifh, and bordering on the colour of the aigue maiine.

Neri, chap. 32. An emerald colour in glafs,

In making green you muft obferve that the metal bave not
much falt ; with metal that hath much falt, as cryftal and rochetta
have, you cannot make a fair green, but only a fea green; for
the falt confumes the green, and always inclines the colour to a
blue l, wheretore, when you would make @ fair green, put common
metac,

Shaw’s Letures, p. 2g. Copper precipitatcd with common
falt out of aqua fortis gives the torquois colour to white glafs,
when melted therewith,

{#] Kuuokel’s Remarks on Merret’s Notes, p. 299.

[w] Ne:i, chap. 127, This chapter defcribes the methad of
making red glafs, in the compafition of which coppsr is ufed ; and.

1 IRON
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IR ON.

IR ON, being of all metals the moft imperfect,
is fubje& by various means, to be calcined or re-
duced to a ruddy crocus, fimilar to the ruft that
arifes from it’s being corroded by the acid in the
air. In this ftate, it requires a confiderable degree
of heat to diffolve and incorporate it with glafs:
till that heat is applied, it retains it’s ruddy colour ;
by increafing the heat, it paffes through the inter-
mediate colours, till it arrives at it’s permanent one,
which is b/ue : this being effeted in the fame de-
gree of heat in which we have examined the other
metals, that is, tbe greateft that the glafs will bear
without lofing all colour whatever.

The green, with which the glafs ufed for bottles
and chemical veflels is tinged, is occafioned by the
iron contained in the vegetable afhes and fand, of
which that glafs is compofed. When the pots, in
which the matter has been kept in fufion, are

Kunkel makes the following remark on it: ¢ This compofition
<¢ is very difficult to make ; it is neceflary to feize the moment
s¢ at which the matter is well tinged red, to take it immediately
< from the fire ; for half a quarter of an hour too much is fuffi-
< cient to change it's colour.”” In the next chapter, fpeaking of a
red enamel, into the compofition of which copper enters among
other ingredients, Kunkel makes this remark : ¢ This compo-
< fition is very fine, and lefs troublefome than the preceding one:
< but, af:er having added the copper, the matter muft not be left
< on the fire : if this is not attended to, it becomes green, and the
¢ yed colour that it had taken at firlt does not laff.”
Gellert, Chem. Metallur. problem g7. Copper gives a blood-
ved to glafs; but if it is left too long on the fire, it becomes green.
nearly
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nearly emptied, the glafs remaining at the bottom
is always blue; this is caufed by it’s continuing
longelt expofed to the fire, and in fo fmall a quan-
tity that the fire has a greater effe& on it. The
whole mafs acquires the fame colour, if too much
fand be added in proportion to the athes; for, in
that cafe, the materials being more difficult of
fufion, the workmen are obliged to apply a greater
heat, and to continue it longer.

It is known, from the experiments of Lemery
and others, that the vegetable athes contain iron [].
To examine whether that metal be alfo contained
in the fand ufed in making this glafs, and how far
the colour of the glafs depends upon it, I made the
following experiments : , '

Exp. 1. Having procured fome of the fand ufed
in making green glafs, I melted two parts of it
with one part of borax, and one part of nitre, and
found that it produced a glafs fimilar in colour to
that which is made with the fame fand fluxed with
pot athes. From hence it appears, that the colour-
ing matter was contained in the fand.

Exp. 2. 1 mixed three parts of this fand with
one of powder’d charcoal, and expofed it for fome

[#] Becher, Phyf. Subterran. p. 67. ,

Hzc prima terra (vegetabilis) cum mineralibus vitris, qua ex
arena ct filicibus parantur, conveniens eft, ut nulla re, nifi colore,
inde difcerni queat, qui viridis eft, vel fubcaeruleus, indelebilem
regni fui afterifcum fervans, nempe wegetabilem wiriditatem ex-
primens.

Flora Sat. cap. 8. Note

As that blue or green colour is owing to the iron which is
found in the afhes of all vegetables, it muft not be'looked on as
a.mark capable of charaflerifing a vegetable earth..

hours
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‘hours to a red heat. When this mixture was cold,

1 feparated from it, by a magnet, {mall grains of
iron, weighing about one twenticth part of the
fand.

Exp. 2. I melted fand thus deprived of if's iron,
with half its weight of borax and the fame quan-
tity of nitre, and found that it produced a per-
fectly colourlefs and tranfparent glafs.

Exp. 4. To two parts of the white fand ufed in
making cryftal glafs, and one of borax and nitre,
I added a twentieth part in weight, of the grains
of iron, which 1 had extralted from the fand by
Exp. 2. and having vitrified this compofition, I
found that it was become exaly fimilar in colour,
to that commonly ufed in making green glafs,

Exp. 5. I expofed feveral pieces of green bottle
glafs made at different glafs-houfes, under a muffle,
to a ftrong fire, for the {pace of half an hour, and
found that they were all become b/ue.

If the crocus of iron is added in too great a pro-
portion, it continues to adhere together, and re-
mains unmixed, or at leaft imperfeétly mixed, with
the glafs, retaining for that reafon the colour
natural to it when undiflolved; or if it be ina
fmaller quantity, though yet in too great a pro-
portion to be diffolved, it will make fome inter-
mediate colour between the ruddy and the blue,
which laft it always imparts, when ia a fufficient
degree of fire and a proper proportion. ‘The ne-
ceflity of a due proportion of metal to the glafs has
been already inftanced in gold, which if in too
Jarge a proportion to be diflolved by the glafsi,)cin:1

ca
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ftead of imparting a red colour to it, runs together
in it’s metallic form.

Henckel has given us a method of making a
beautiful blue glafi by this means. It confifts
merely in mixing zron with the matter of which
the pureft glafs. is compofed, and expofing it to a
wiolent fire. Gellert obferved alfo, that sron imparts
to glafi this colour [y]. Mr. Lehman obtained
the fame colour' from emery, which is a kind of
#ron ore, or ferruginous ftone, by mixing it with a
vitrifiable earth ; which colour he attributes to the
7ron contained in it [2]. Neri mentions a f&y colour

[y] Henckel, Defert. 6. On a blue obtained from iron.

I coloured glafs with iron, and gave it a very fine blue. 1 had
calcined, in a pot, fileings of Styrian fleel, which I kept about a
quarter of an hour in the fire, without ftirring them, till they had
taken a purple colour, bordering on violet; I mixed about-half
a grain, which I had ground well in a glafs mortar, with fifteen
grains of very white flint and a very fine alkali ; I put the whole
into a crucible, covered it with care, and expofed it to the mof?
wiolent fire. The furnace being cooled, I found @ glafs of the
colour of a fapphire; it was impoflible to fee a finer dlue, either for
colour or tranfparence.

Gellert. Chem. Metallurg. vol. ii. prob. g7. Cobalt calcined
gives to glafs a very fine blue ; but if too much cobalt, for exam-
ple an eighth part, is ufed, the glafs will become black. The.
calx of iren produces the fame effeé? ; and fometimes it happens.
that one fide of a thin piece of glafs is of the calour of ru/, while
the other fide is dlue.

[2] Lehman, Treatife on the formation of metals, p. 37. .

As to the earth of cobalt, or bifmuth, which is the bafis of the
blue colour, Henckel confidered it as a martial earth in his Opufc.
miner. p. §73. Some experiments which I have made render
that opinion very probable. I have obtained a wery fine blue
colour from a ferruginous - Spanifh emery :. having once _pulverifed. .
half a pound thereof and mixed it with an equal part of black
flux, I melted this mixture in a well-covered crucible in a pretty

Vor. LV. E imparted
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imparted to glafs by Bohemian granates, which he
conftantly practifed at a manufaGtory in Flan-
ders [#]. It is well known that 7roz is the metal
contained in thofe ftones; that they obey the load-
ftone [4]; and that, being calcined with a proper
heat, they yield a confiderable quantity of iron [¢).

1 expofed in a crucible to a glafs-houfe fire, for the
fpace of thirty hours, part of a flint glafs retort,
in which a native green witriol of iron had been
diftilled, and which had been corroded and tinged
by it: by this means it became coloured of a fine

violent fire: when the matter was melted, I flung in an inflam-
mable fubftance: when that had intirely ceafed burning, I emptied
the crucible, and obtained a mafs of a mof beautiful fapphirine
blue 5 but which, as one may imagine, foon attrated the moifture
.of the air : I repeated the experiment again without putting any
black flux, and the colour became ftill finer; but it was remark-
ably beautiful when the mixture was melted with a witrifiable
earth. 1 can attribute this colour only to the parts of iron con=
tained in the emery.

[4] Neri, chap. go. A curious perfon and praéical chemift
may extraét a wonderful red from. gold, from filver a fby colour,
and a much fairer from granates of Bohemia, which are low
priced ; for, being fmall, you may draw a tinCture from them, as
I have often done in Flanders,

(2] Boyle of gems, Shaw’s Abridg. vol. iii. p. 107. Sufpeting,
for feveral reafons, that fome granates contain, befides other metal-
line fubftances, many corpuicles of a ferruginous nature, 1 made
choice of fome fmall ones, which, by their deep and almoft dark
colour, I gusfled to participate largely of iron or fleel, and applied
them to a vigorous loadftone, which, as I expetted, took them
up: and hereto they conftantly adhered till they were forcibly
feparated therefrom—ibid. vol. iii. p. x20. A chalybeate tinCture
obtained from granates.

[<] Junker, tab. x. p. 273. Multi granati minus pellucent ;
atque ex his vulgares przduri, atque alioquin igne indomiti, per
ignem folarem grandibus vitris cauflicis colle¢tum, denique in
fluorem redacti funt, ac merum ferrum prebuere. -

tranfparent
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¢ranfparent blue, not diftinguithable from that which
cobalt imparts to glafs.

Iron vitrified per f¢ is converted into a blue
glafs [d].

In fhort, it is indubitable that iron is the only
metal, which will, without any addition, impart to
the matter of glafs a blue colour 5 for copper will not
communicate that colour, without the addition of
a confiderable quantity of fa/ts, or fome other mat-
ter that attenuates it ; and the other metals cannof
by any means be made to produce it at all.

Having fhewn that the mefals exhibit colours,
invariably in the order of their denfities, when
melted with glzfs in a proper proportion, without
any other ingredient, and expofed to a_fufficient beat 5
I fhall proceed to fthew that the other preparations
of the metals, viz. their folutions, precipitates,
cryftals, &c. do for the moft part exhibit the fame
colours, in the order of their denfities, though not {o
invariably as their glaffes; fome {mall variation of
colour happening in the more imperfe@& metals,
probably trom a change of denfity in their different
preparations,

[d] Lewis’s Coutfe of Chem. p. 49. The fpecific gravity of
iron is to that of gold as 7,645 to 19,640, This metal requires
a great degree of heat to melt it, when it throws out fparkles, lofes

confiderably of its weight, and is at length converted into a dart
blue glafs,

E 2 GOLD



[ 28 ]

G OL D.

G OLD precipitated from aqua regia, and

wathed with hot water or boiled in a folution of
alcaline falt, becomes red on being expofed to a
flight heat. Lewis, Hiftory of gold, p. 108.

2.

The fame colour is produced when this precipi-
tate of go/d is ground with oil of vitriol, or {pirit
of fulphur; or if it be mixed with fulphur, and
the fulphur burnt away. Junker, tab. xxxi11.
p. 830. '

. The {moaking fpirit of Libavius, mixed with

gold and afterwards drawn off from it by diftil-
lation, changes it’s colour to & blod red.—

Sol fine vefte, exp. 19. Junker, tab., xxxiiI.
p- 861.

. Gdld is reduced into a red powder, by amalga-

mation with mercury, and expofing it for a
confiderable time to a flow heat.—Boyle’s

Abridg. vol. ii. p. 77. Junker, tab. xxx1x.
p- 987.

. If fix parts of antimony are fufed with one of

gold, and the antimony driven off by the blaft,
a red powder of gold is left behind.—Caflius de
Auro, cap. 10.

. If gold leaf be cemented and ground with decre-

pitated falt, hartfhorn, pumice, or chalk, and
expofed to a proper heat, the metal becomes red,
and may be precipitated from a folution of
thofe fubftances in a red powder.— Junker, tab.
xxx111. p. 854. Lewis’s Hiftory of gold, p.74.
Sol fine vefte, cap. 6.

7. Ared
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7. A red tinCure may be prepared from gold by
feveral methods mentioned by Libavius, Alchem.
lib. ii. p. r30. Junker, tab, xxx111. p. 868.
8. A folution of go/d in aqua regia prepared from
fal ammoniac may be fublimed of a blood red
colour. The fame is effe@ed by diffolving the
calx, or crocus of go/d, in other menftrua.
Lewis’s Hiftory of gold, p. 100. Junker, tab.
XXXIII. .
9. A folution of go/d in aqua regia, evaporated pro-
perly, affords cryftals of a bright red colour.—
Caflius de Auro, p. 109. Junker, tab. xxx111,
p- 862. 868. Lewis’s Hiftory of gold, p. 99.
10. Aurum fulminans moiftened with water, has
been found to tinge gems deeply of a fine red.
Phil. Tranf, N, 179.

11. A folution of gold tinges ivory, cotton, the
{kin, and other fubftances red.

Rubies being frequently found in gold mines, it is
very probable that they receive their colour from
that metal ; and from this circumftance, before the
experiment had been made, Libavius rightly con-
jectured that a folution of go/d would communicate
a ruby colour to glafs. Libavii Alch. p. 88,

It does not appear that, excepting the colour
natural to go/d in its intire ftate, any other than
red can be obtained from preparations of this metal :
it is from this colour, which go/d affumes when-
ever its metallic brightnefs 1s deftroyed, that
writers in chemiftry call it leo 7uder [¢].

[¢] Libavius de natura metallorum, lib. i. cap. 4. de auro.
In fuo manifefto citiinum eft, in occulto fummam continet rube-

2 LEAD.
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L EAD.

THE only coloured preparation of Jead, is that
produced by calcination in the furnace. The firft
of the primary colours produced by this procefs is
yellow, the calx pafling from that colour through
orange into red.

It is remarkable, that, though in the calcination
previous to the reverberatory heat in which thefe
colours are produced, the lead is diminifbed in
weight 5 yet in the reverberatory fire it gans con-
fiderably, and in proportion to that z'ncreq/é 0
gravity, it pafles from the more refrangible to the
lefs refrangible colours ; fo that while the calx re-
mains of a Jef§ weight than that of the lead originally,

it’s colour is yellow; with the next increafe of
weight it pafles to orange, which is the colour of

dinem 3 unde et non tantum tinctum ipfum eft, fed et tinGturam
rubedinis confert abundantem.

Dum citrinum dicitur, externus vultys qualis eft poft excocti-
onem refpicitur : illa tamen citrinitas igne cazmenti et in opere
philofophico fumma rubedine permutatur. Itaque hinc eft philo-
fophorum axioma, quod in citrinitate lateat rubede excellentiffima,
qualis eft rubedini gemmee.

Voces occultum, manifeftum, non ita pueriliter funt accipiende,
quafi in fuperficie fit flavum, in centro rubrum: fed progrefliones
colorum in perfectione artificiali notantur, quod naturali pro-
clivitate et difpofitione poft citrinitatem abolitam, affumat
rubedinem.

Leo ruber non folet vocari, ante quam ab arte eleboratum, et
aftrale, ut aiunt, fa&tum. Potentia tamen etiam fimplex et natu-
rale aurum ita vocare non eft abfurdum, cujus #néfura appella-
tur ejus fanguis, quo vocabulo et fermentum rubeum denotatur.

) g ' glafs
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glafs of lead; and when the calx is increafed mote
in weight, fo that it'’s gravity is become greater
than that of the lead originally, it pafles into red,
the next colour in order. '

Thefe three colours fucceeding each other in
proportion as the gravity of the metal increafes,
feem to prove that, in this cafe, the greafer denfity
produces the /fs refrangible colours : and as orange
1s the colour of this calx, when in a middle degree
of weight, between that which is lighter and that
which is heavier than the original metal, it appears
that orange is the colour natural to /fad when it’s
weight is neither much increafed nor diminifhed.

SILVER.

THE only preparation of filver, which is of
any primary colour (except the yellow it im-
parts to glafs, and other vitreous fubftances, as
carths or falts) is luna cornea, which Mr. Boyle
fays is of a fair yellow, Shaw’s Boyle, vol. i. p. 255.
Phyfical Effays, Edinburgh, 1754, vol. i. p.310 [f].

[f] Art. 10. Remarks on chemical folutions and precipita-
tions, by A. Plummet, M. D,

When cither a muria of fea falt, a folution of falt ammoniac,
or fpirit of fea falt (for thefe three have nearly the fame effets)
Is putinto a folution of filver ; it becomes milky, and, as it were;
crudled, and at length a white powder fubfides to the bottom :
Fhis powder, being wafthed with warm water and dried, is foft and
impalpable ; it’s weight exceeds that of the filver diffolved by

COPPER
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COPPER and I R O N.

IT appears then that all the preparations of
g0/d, lead, and filver, invariably retain the colours
peculiar to the order of their denfities, and that they
are the fame with thofe which they communicate to
glafs.

The two moft imperfe&t metals, copper and
iron, being very eafily aéted on by almott all men-
ftrua, the colours of their folutions, &c. viz. green
and blue, are apt to change into each other’s order;
the copper in fome folvents becoming blue and the
iron green, and in other folvents vice verfa; this
probably depending on the increafe or diminution
of their denfities.

The folutions of copper, in the acids of nitre and
fea falt, and in the vegetable acids, are green. But
if copper be attenuated, by folution in volatile
alcalies, it becomes blue. Theophraftus and others
have obferved, that emeralds are frequently found in
copper mines; and it is probable that they obtain
their tinge from that metal.

I melted fome emeralds with twice their weight
of falts, and found that they had formed a fine
geren glafs, fuch as would have been produced from
the fame quantity of a vitrifiable earth, and about
a hundredth part of its weight of copper.

more the one fixth part. This powder comes much fooner to
fufion than filver, but does not recover the appearance or pro-
perties of that metal ; for it looks like a piece of yellowifh glafs,
femiopaque and brittle, yet bending or yielding a little, whence
it gets the name of luna cornea. '

’ Iron
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Iron diflolved by the vitriolic acid is green; but
if further attenuated by a chemical procefs, it pro-
duces that beautiful colour called Pryffian blue.
Phil. Tranf. N°, 38. Henckel, Differt. 6.

A fimilar d/ue may be obtained from the 7ron
contained in the afthes of all plants. Henckel,
Flor. fat. chap. 8. parag. 53.

Having expofed a pound of wood afhes in a luted
crucible, to a pretty ftrong fire, for thirty hours,
the greateft part of them became tinged 4/ue by the
iron contained in them.

A blue may be alfo extralted from' a martial
vitriol, by {pirit of wine, Henckel, de appropria-
tione, chap. 2. parag. 257.

An inftance of a mineral {ubftance changing it’s
colour from green to blue on it’s fpecsfic gravity
being diminifbed, appears in a ftone defcribed by
Dr. Grew in the Mufeum of the Royal Society :
this gem is-a kind of emerald, which, when expanded
by heat, becomes dlue, and remains of that colour
till co/d, in which ftate it returns to it’s ufual
colour, which is green.

Tin is not capable of being vitrified, or impart-

ing any colour to glafs; nor are any preparations
of it of any primary colour.

Vor. LV, F MERCURY.
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MERCURY.

THERE is no body of an intermediate weight
between gold and mercury ; and it is probable that
a great part of the difference between their {peci-
fic gravities depends on the fuidity of the one and
the fo/idity of the other.

Mercury is not capable of communicating any
colour to gl/afs, being fo volatile that it will nat
bear the degree of heat neceflary to incorporate it
with the glafs in fufion.

But it is well known that it’s calx, either pre-
pared per fe, or by diffolving it in an acid and
evaporating the menftruum, is red.

2. A folution of mercury tinges the fkin, &c. red,
as gold does.

PLATIN A.

THE fpecific gravity of platina being nearly equal
to that of go/d, it feems neceflary to examine whe-
ther the colour of it’s preparations correfpond with
thofe of gold.

On looking into a differtation written by Dr.
Lewis on that metal, in the Philof. Tranf. I find
that the precipitates and cryflals obtained from
{olutions of platina are red: and that a folution of
that metal in aqua regia to perfect faturation is of a
dark red, though, when diluted, ye//ow ; in the fame
manner that ¢« a red liquor (as Sir lfaac Newton
« obferves) in a conical glafs, looks of a palc:1 ‘ {md

¢« dilute
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¢ dilute yellow, at the bottom, where it is thin ;
¢ and a little higher, where it is thicker, orange;
¢« where it is thicker ftill, it becomes 7ed; and
¢« where it is thickeft, the liquor is deepeft and dark-
¢« eft.” Newton’s Opt. p. 160.

HAVING gone through thefe experiments and
facts, which feem to thew that the metals invariably
exhibit colours in the order of their denfities, when
melted with g/afs, under the circumftances above
mentioned ; and that the other preparations of the
fame metals, for the moft part, afflume the fame
colours; it feemed probable that the caufe, on
which the colour of natural bodies depend, may
fometimes be conjeGtured from the chemical ana-
lyfis of fuch fubftances. This I have attempted
with regard to the colour of plants.

It is known from the experiments of Lemery
and others, that all earth is impregnated with sron ;
that the ferruginous matter is received into the
roots of plants in their growth, and makes part
of their fubftance, and is univerfally diffeminated
through them; and that 7707z may be feparated by
a magnet from the afbes of all vegetables [g].

It has been already obferved, that the green
colour of the g/a/s ufed in making bottles, is caufed
by the 7ron contained in the materials of which it
is made; and I have cited Becher’s opinion, that
the green or blye colour in glafs is an indelible
mark of it’s wvegezable origin.

[¢] Lemery’s Mem. de I’Academ. anno 1706,
Memoirs of the Acad. of Upfal and Stockhclm, of the earth
found in vegetables, by J. G. Wallerius, 1760.
F 2 This
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This obfervation of the conftancy of that colour
in glafs made of wegetable afbes, and it’s being
caufed by iron, led me to conjeGture, that the colonr
of the intire vegetables arifes alfo from the iron, fo
univerfally diffufed throughout their fubftance in -
their growth.

Green is the colour which #ron aflumes conftant-
ly, when diflolved by the acid in the air; that metal
thus diffolved being a true green vitriol of iron [4]:
and as this ferruginous or vitriolic matter is univer-
fally difleminated through the leaves and branches
of plants, thofe parts of it which are at the furface
will, by their conta& with the air, aflume the
colour peculiar to its falt or vitriol.

Moft vegetables, when they grow in fuch 2 man-
ner as to be defended from the conta® of the air,
are preyented from becoming green.

This happens to the roots of trees, and as much
of their ftem as is covered with earth: grafs grow-
ing under ftones, or other bodies, that accidentally
lie on it, is white ; not having the leaft green, but
as the air has accefs to it: and it is a method
commonly ufed by gardeners, to cover with earth
thofe parts of plants which they would preferve
white ¢ by that means hindering them from being
tinged green by the contadt of the air, as the parts

[#] Shaw’s Notes to Boerbaave’s Chemiftry, vol. i. p. 94.
Iron is ealily diflolved in falts, dew, air, &c. By the action of
any of thefe jt contradts a ruft, which is nothing but the flowers
of iron, oriron diffolyed, and forfaken by it’s diflolvent : for iron
examined with a microfcope when it firft becomes rufty, fhews
i’s furface covered with a number of pellucid witriolic lamelle,
or glebes, which, being afterwards dried by the fluid menftruum’s
evaporating, become a ruddy calx,

expofed
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expofed to it are: though it appears from experi-
ment that the prefence of light, as well as of air, is
neceflary to the production of the colour of plants.

Befides the 7ron diflolved at the furface of plants
by the air, that which is contained in the infide of
them, may be kept in a ftate of folution, when it
meets with a proper quantity of acid; and it is
remarkable that the infide of moft fruits and other
parts of plants remain green no longer than they
continue in an acid ftate.

The quantity of iron contained in plants will
not appear too fmall to produce their colour, when
it is known that one grain of vitriol, of which only
a {mall part is iron, the reft being acid and water,
1s able fenfibly to communicate a green colour to
ten thoufand grains of water. Lemery mentions
this great divifibility of iron as an argument of it’s
being able to pafs into the {malleft parts of plants..
Mem. Acad. anno 1706.

A circumftance which ftrongly confirms that the
colouring matter of wegetables, and a ferruginous
vitriolic fubflance, are of one and the fame kind, is,
that the witriol of iron; which is green, pafles
through the fame colours, while it’s moifture is
evaporating, which vegerables do, when by wither-
ing they undergo the fame fort of change: the
vitriol deprived of it’s water: by calcination grows

firft yellow and then red [7]; and Sir Ifaac Newton

[] Boerhaave’s Chem. vol. ii. procefs 164. If this fecond
calx (that is, green vitriol reduced to powder by a moderate heat)
be calcined in a crucible, in an open ftrong fire, it grows yellow,
#éd; and at length becomes a deep purple powder,

has
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has obferved that, ¢ when vegetables wither, fome
¢« of them turn to a greenifb yellow, and others to
«¢ a more perfect yellow or orange, or perhaps to red,
¢ pafling firft through the aforefaid intermediate
< colours: which changes feem to be effected by
¢¢ the exhaling of the moifture, which may leave
¢ the tinging corpufcles more denfe and fomething
¢« augmented by the accretion of the oily and earthy
¢¢ parts of that moifture.” Newton’s Optics, lib. ii.
rop. 7.

P 'f‘)his is the only paffage in Newton, in which he
inftances any permanent colour of a natural body as
arifing from a change of denfity: and though he
has not any where at large delivered his opinion
on this fubjet; it appears that, in this cafe, he
confidered the Jlefs refrangible colours in withered
vegetables as arifing from their increafe of denfity 5
which is what I endeavoured in the beginning
of this paper to prove deducible from his doc-
trines.

Iam,
My Lorbp,
Your Lordthip’s
moft obedient

and moft humble fervant,
Old Palace Yard,
Jan. 17, 1765.

Edward Delaval.
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