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INORGANIC CHEMICAL ANALYSIS.

HE object of Chemical Analyais is to ascertain the chemical com-
poeition of any given body. Inorganic chemical analysis is divided
- into Qualitative Analysis, and Quantitative Analysis. Qualitative
Analysis is the separation and identification of the chemical components
of any substance, either in a separate form or in some known state of chem-
ical combination. It is also used to identify simple or elementary sub-
stances by bringing them into chemical combination with other substances
whose chemical composition is already known. Qualitative Analysis
teaches us to separate and identify the componenis of any substance with
regard to their quality only, without regard to their quantity, and answers
the question, ** What does the substance contain?” Quantitative Analysis
furnishes the methods of procedure by which we determine the relations of
weight or volume which these elements bear to each other, and answers
the question, ““How much of its several given elements does the substance
contain ? "

The methods of Qualitative Analysis consist in bringing the substance
under examination into contact with other bodies of known properties,
and observing the phenomena which ensue. These phenomena consist in
alterations, either in state of aggregation, form, or color, depending upon
chemical change. By exhibiting the constituent parts of a substance of
unknown composition, in forms of known composition, the constitution of
the body examined, and the presence of its several component elements
may be positively inferred, The separation and identification of sub-
stances are usually accompanied by physical changes. All bodies which
we employ for the purpose of producing physical changes by chemical
transformations are called reugents; and the resulting changes are called
reaclions, Acids, bases, salts, and Elau:hlzntarf bodies are alike used as
reagents, The reader will note a difference between analysis and testing :
we test for any particular substance by eliciting some property peculiar to
itself, such as a change of color (e. g,, the blood-red coloration formed by
adding a sulphocyanide to a solution of ferric salt), or the production of a
peculiar odor (e. g., the garlic odor of the vapor of metallic arsenic).

By means of reagents the chemist interrogates the substance under exam-
ination, inquiring whether it contains this or that group of chemically sim-
ilar elements, or only this or that member of such group. If the question
be put correctly, that is, if all the conditions under which the reaction
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expected can be produced by the reagent employed, be carefully observed,
the answer is decisive as to the presence or absence of the element or group
of elements sought. But if the properties and chemical relations of the
bodies formed by the chemical changes which constitute the reaction, have
been wholly or partially neglected, the answer is at least of doubtful accu-
racy, if not certainly erroneous. ;

Chemical substances act upon each other more certainly and speedily
when they are in the fluid stale, because the contact of the molecules is
then more complete, and that interchange of particles which constitutes
the reaction more easily effected. The fluid state may be secured either
by solution or by fusion, Reagents, therefore, may be employed either in
the wet way or in the dry way. In the wet way the reagent in solution is
brought into contact with the substance to be analyzed, which is usually
in the liquid form. In the dry way the substance to be analyzed and the
reagent are brought together in the solid state and subjected to a heat suf- -
ficient to melt the reagent, or both the reagent and the assay. At a high
temperature chemical reactions are secured similar to those obtained by
solution : certain changes are also secured by the addition or abstraction
of oxygen, according as we use the oxidizing or deoxidizing flame. The
knowledge derived in the dry way by the use of the blowpipe, and by the
behavior of bodies in the different flames which can be produced by it, is
one of great importance in Qualitative Analysis. This method is largely
employed in the preliminary examination, and the details of analysis in
the dry way are described in connection with the preliminary examination.

Many reagents exhibit the same or similar behavior with a group of chem-
ically similar elements, and with most of the compounds of these elements;
and can therefore be used to divide the elements into groups of chcmically
gimilar substances, Such reagents are called group reagents, Others serve
for the further distinction of the several members of such groups, and are
termed special reagents, Their selection depends upon the knowledge of
the behavior of such reagents to each single element of the group, or of
each of its several compounds., The number of special reagents is much
greater than that of the group reagents, their nature being as various as
that of the substances which come under examination. Their selection
depends on the solubility or insolubility, color, or other physical or chemi-
cal properties of the new compounds to which they give rise. Certain
speclal reagents produce reactions which under given conditions are
entirely characteristic of a given substance or compound. Such reagents
and reactions are distinguished by being printed in SMALL CAPS.

It is the task of the analyst not only to establish that this or that body is
present in a compound, but he is to prove that no other body is present
beside those which he has actually found. Hence it is evident that he
must not treat the substance under examination with reagents indiscrimi-
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nately. He must follow a certain fixed order, a methodical system in the
application of reagents. This systematic method consists in the employ-
ment of group reagents for the successive separation of groups of elements
possessing certain common chemical properties, and finally, in the recog-
nition of each member in such group by the use of special reagents which
are characteristie.

The first thing to be done in the Qualitative Analysis of a solid body is to
subject it to Blowpipe Analysis, or analysis in the dry way, whereby
important information as to its composition may often be obtained. The
substance is then dissolved and its constithents determined by analysis in
the wet way. The course of Qualitative Analysis therefore embraces three
paris :

[. Blowpipe Analysis;
I1. Solution, or conversion inlo the liguid form ;
1II. Analysis of the solution in the wet way.




BLOWPIPE ANALYSIS.
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Prellminar}' E}tammatmn in Blowpipe Analysis.

The substance under examination is non-metzallic, being neither a metat
nor an alloy.
Reduc-n the substance to a fne pnwder in a porcelain mortar,

————————— ——— e . e ——— ————— . T - et m——————————

FIRST STEDR.

Pl%& 2 few grains ﬂf the dry substance in & clean, dry- test tuhe, &Ild heat,
at first gently, but if no change ensuey, to a full red heat, and watch the
changes,
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[ orgatic matter ;

valatile hodies

y fusible bodies ; .
salts containing water of ery stalhzatmn ;-
salte coniaini ing interstitial water ; -

i subatance whose colorischanged hv l1eat._ '_

Indicates
Substance unaltered. |+ - the
absence of

[X

Many metallic oxides ;
White {0 veilow, h., to white, ¢, 20D,
White to yellowishh brown, h., to dirty white, c.,
+Hﬂg. S ' :
Yellow to brownish red, h., to veliow, ¢, T'bQ.
[ ’Wléitﬂ %innmﬁ'ﬂ ied, ﬁ., 50 _Ili;ellgwj ¢., Big(h,
Red to black o red, ., FeaQy,
E;_Qanges color. Ked to bmwn} h red, e., or becoming red on rub-
- bing, HgO..
Bmwn to black, h., to red, <., ¥e,0,.3H,0,
The red salts of f‘u the pmk salts of Mn., the blue
and green salts of Cu., Fe., and Ni, lose ‘water of
. b ®hydration, and at hig li temperatures decompase,
leavmg blaeklsh DIIdEE of Co.; Mn,, Cu., Fe, or Ni,

n f Subﬁtanﬂea mnt;umng watar ol crfﬂtalhzatmn :
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TABLE LT3t Step, CoXtINUED.

------

Sublimate forms.

L T LT -t e = |_l.|n-\.-\_|.'\_...|_|_"-".\_._ | R

- Gray tarnish or .hnlmc* wl{mumq easily unignd, B,
- substance melts, ht,.hhumm iving rrmtml;n# suhlic

mate white, c.. probably HgCl,—with EH{I.
brecomes vellow, |

. Bublirmes withcaut wekting, &uhhmatﬂ yellow, k., -

white, ¢., Hg.Cly —with ELII{} baconyes hlack,

_5 White sublivante without melting or ehtanging f*-::-lﬂf

when heated with No,CO3, f-ﬂ}lﬂn mu_mﬂ_;ﬂ:,m,ai‘.
odor aud the vapor chmiging red litoes o blne,
saltz of Ammonin,

- White sublimate without mﬂitmg or ﬂamngm;:* 1&*}?,‘ -

vetohedral oryatals (use lons) AsgOy;

- Substance melts, emits tlonse white vapors, ttﬂ'm Eiyge

- erystaliine sublimate which gives & stroug 1{5}1"
reaction wilh blue libnwus paper, Hmufl,ﬂ{,,{}

Reddish-brown drova or yellow ring, &

. Black sublimate, benoming ved by rubbing With'
glass rod, Hgh.

" Heavy fwnss near the as;-:ﬂv' crystaliine needies,

©orange color with HaS.-8h,0y..
_Tplirzw nesd e, fu_ﬂh!a 40 Terd dfﬂuﬁ. vellnw on voele

ne, bt becomn ing scarlst on ﬂatan{img, Or Bpeoedidy
h}* Ti‘lbbmf”——an"ln.

' Yellow to red dropa, hLE(ﬁTﬂIHg dark ted or even

hlack when i"-;:-tuﬁﬂ S,

- — — e s e hrmp re e g s e s r e omrrm e wTim R Wt atam | om He e fm D e e ——
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Carbonization,

Urﬂ;mut hm]mh :
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Cyanogen eompounds. ' .
Blac kenin g iz not uecﬂ-manly L;irl“mmz&i.mu—-ubu- o

 ally a burnt odor and escape of conibustible. gayey.”

Grg&mc substances burn vividly wheyg ham:ed in E‘E“Hf-
' tube with KNO,. with formation uf I’}C’»{} R

(Gases escape when'|
strongly heated.

| - rure - ————

El = fr 1 H:tra,tpﬁ, C}hinmt&ﬂ, Bromates, Id:r:iatas; &I"a:l.-'
peroxides (ignites spark on splinter)y T
BUJ—fmm Bulpbates, Sulphited, Byposulp hﬂ:eﬁ i'ﬂ"'l::'-":__-
oxidation of Hulphur or Sulphides, {i}dﬂr Enf ’bﬁm«f
ing snlphuar ; o
NQg —from decomposition of the “-1t‘rﬂtﬂﬂ ot “uit o
_metals except Lhe altkalies {reddish brown fumesi;
COs—from decomposition of f.-ﬂ.rtlﬂudt}t‘ﬂ @Eﬁﬁ iy
liote water): .
ON,—from decomypogition of metallic E»}"HHI(]?H { m?ur
and peach biossorn Hamed;

C H 8. - Trom Sulphides containing water {olor and

leal paper): |
NI ., —frem salts of Awunnnia and svme Cyapogen

compounids (odor and alkiline reaunuu w:th r&ﬂ L

litrnus paper
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SECOND STEP.

A few grains Of the substance are placed on charcoal and heated in the

redacing Hame,

Volatile withont in-
- .eradtation or the

formation of
- metallic globuls,

Ralts of NI1i,;
As.0;, {odor of garlic);
Soame componnds of Iig,

Yolatile (or paréially
volatile) with in- |
crustation.

I T ———

Incrustation vellow, ¢.—PhO.
Incrustation dark vellow, ¢ —BisJ,.
Incrustation white, o, --=Sba(,.
Tnerastation bloe and yellow—3Xo0,.

| Incrustation reddish-brown, or a variegated tarnish

—dO.
' Incrustation yellow, h. white, ¢.—Zn0,
Incrustation difficult to Fu]dﬂhg@ yelloswish, b, dirty
white, c. -‘Sn‘{.}n

- Ron-volaiile gad in-

fusible, no incrus-
. tatiom.

d=1 W e ey

Aspsay darkens on heaiing,; test for Fa. WIth the_
111 agnet - - .
FPlatinumi.

1 Iridium. -

| ..ﬁt‘;}TE ;Ma,ny substances which sublime in the test tube under First-Step,.
will rive an incrustation when treated on charcoal, but these incrustations.
ahiould be disregarded, and the indicaticua from tha sublimation followed. .

absorbad by the
coal o forma a
bead,

Fuslble. non-volatile, "

—n

r"ﬁ“ -

Residue. moisteried and
Cﬂm?““ﬂdﬂ f_’fl %& pressed on .turmeric paper
: : lLBr | stains it brown-~{alkaline.)

Some Balts of Ca. ]|

lnfufalhle and color
unchangad,

3i0,.
Al;Qs.
Ba,

. Zome coniponnds {Er ‘? Test for alkahmtj' hjr _

of 1 Ca.
| Mg |
LUI]JT.]]D[IE when heated 1ntensely.

urmeric papear.;

= =



THIRD STEP.

A moistoned Platmum wira. iy :hpped mtu the pﬂwd&red substance and-
strongly heated in thé redacing fianie,’ {Shr;-uld the previous exammahﬂﬁ
indicate the: presonce of any fusible mistal, e ¢, Pb, Sb, Bi,, the experi-
mend uuder this stey should EJE omitted pnurely, or a thread ‘of mhessms' '

C ased in, pia.ce of the I”iatmum Wiké. } Hfﬂlﬁtﬂ]l ms-:}]ubla salt wrth HCL

L __,',::.Etamma golored flames b y the Bpe@trcrfienpe. | I

T ke e . H - Ty 0
b - .a..._ Cet e i, ——_ — i

i Do Itiudmﬂ;__ | |
J_YEHDW Molybdic tmx:{le greemsh j’e].luw*
I Subszﬂnms Tit: h in Lfaa'huu, S

T Li{:hmm L
. Red Strontitm (carmne,)
' Lalmum g [erangs reil.)

SR {'Thallmm ﬁzmerald reen - o

e Copper{pxcepting Lung} bnght greeu,

{}méﬁ-'--;g -Beriam, yellowish green. - T
M-::-ij'bdm acid, FE]lGWlﬂh green.

Boric acid,

I‘tmsphﬂrm acid, blulsh  *

. {lalors the flaimme

[ Lead-—azure blue. -
Sl Arsenic—light bluéin R, Fl, SR
. _Blue's' 4 Chloride, Bromide n.n{l Iﬂdid& :Jf Cnpper—-'
P 1 L blueg theh green. e
L ikutunany Egreamah I::lue ) -

- Potassinm {Eﬂﬁﬂj’ Dhﬂﬂﬂréﬂ), Rﬂhlﬂlﬁlm'?;ﬁf
‘Violet { . &nd Cwesinm, o IR
- E‘i ﬂ‘ﬂldPE {]::rf'ﬂch hlﬂﬂﬂ{:-ﬂl) L
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FOURTH STEP.

Place some of the substance on charcoal and heat in Reducing flame,
moisten with a drop of Co2(NO;), then heat again intensely. (If the sub-
stance is dark colored the fourth step is usually unnecessary.)

alkaline Phosphates.
Blue glass . Borates.
¢ Silicates.

Colored Mass—i{color | Blue ma-s. _] Al,0;. -
best observed | (infusible). { 8iOs—(pale hlue)
when assay 18}
cold.) ZnO. yellowish green c.

- Green SnQ,, bluish green c,
Sb;O; dirty green c.

Pink MgO.

TEE
-
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FIFTH STEP.

Mix some of the finely powdered substance with twice that amount of dry
N2,COs., placa on charcoal and heat strongly in the Reducing flame, (a
mixture, KCy. and Na,CQ;. is a powerful reducing agent and should be
used in treating compounds of Sn.) In testing the malleability of a
globule, if it seems to flatten under the hammer (malleable), touch the

flattened mass with a knife point; if it crumbles, it is brittle.

Metallic globule with
incrustation.

White incrustation. Globule easily formed and
volatilized —brittle—Sb,

Slight white incrustation. Globule formed with
difficulty, malleable, Sn.

Yellow incrustation. Globule easily fnrmed-—snft
very malleable. Pb.

YEHDW incrustation, Glubule easily formed, very
fusible, brittle. Bi.

~ Metallic globule
without 1ncrusta-
tion.

Red globule or grains, Cu.
Yellow globule, Au. + Maileable.
Silvery-white globule, Ag,

-Metallm powder or
grains without in-
crustation.

Infusible and Magnetic, Fe.Ni.Co.
Infusible and non-Magnetice, Pt.Ir. W,

Metallic grains are found by scooping out the
charcoal, grinding in porcelain mortar and waahing
away the coal in a stream of water.

The metallic substance may be revealed by globules
remaining in the n'ortar, metallic grains, or by
metallic streak on surface of the mortar. |

Incrustation with-

out metallic grains
or glnbule

White, very volatile, odor of garlic—As,
Yellow h. white ¢.—Zn,
Dark red, or variegated—Cd.




Form a clear bead by fusing the flux on a loop of Pt wire.
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- TABLE Il

ing flame and then in the reducing flame,
" (In the following table h. signifies hot; c., cold; S.8,, strongly saturated
often varies with the temperature

Beads on
The bead is

- WITH BORAX,
Color
of Beads. IN OXIDIZING FLAME. IN REDUCING FLAME.
With any amount ( Silica - With any [ qi:..
which the bead { Alumina amount ri’;“ﬁ‘iﬂa
will dissolve. Stannic oxide | which the- St;n nic
fOxide of Silver bead will lxi de
Baryta o b ﬂlEE?lEE 0 "
S.8S. { Strontia paque by a,rjfta ]
Lime flaming | Strontia Lﬂplg,que
| Magnesia S8.8.{ Lime f oY
| : {Maguejﬂl& f aming
" Antimony Manganic oxide.
Cnl:}gl:a:a c. Bismuth N.S. oxides ( Antimony
N.S oxides of Cadmium {:I: 4 Bismuth
: Indium - Cadmiunm
| Lead (Gray atfirst | Lead
| Zinc. from finely | Nickel
reduce d | Silver
metals, be- | Zinc.
coming clear
as blast is
continued.)
On Charcoal.
( Antimony
Bismuth
Gray and Cadmium
cloudy, ¢ Oxides of{ Lead
Silver
Zinc
| Nickel.
8.8 color- { Cadmium }Dpaque by! S.8. yel- ( Titanic acid.
less, ¢, (| Zinc flaming | low to< KEnamel blue
| Antimony brown by flaming.
S.8. colorless, c. El:rﬁuth Ye(llla{,}:li to { Tungstic %
Yellow, h. brown, c. aci
Ferric oxide
Feeblysaturated, | Uranic oxide | Brown to { Molybdic
(more or less col-{ Chromic oxide opaque c. ' acid.
| orless, cold.) | (yellowish .

green c.)
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Platinum Wire.

TABLE II

then dipped into the finely powdered assay and heated, first in the oxidiz-

with the assay; N.8., not .cﬂmplﬂtaly saturated. The color of the bead

and the amount of assay used.)

WITH MICROCOSMIC SALT.

IN OXIDIZING FLAME,

IN REDUCING FLAME.

Undissolved Silica (skeleton).*

Undissolved Silica (skeleton).*™

: . { Alumina, soluble with { Alumina.,
Soluble with difficulty { Stannic oxide. difficulty. { Stannic oxide.
B [
rontia “ | Strontia aque
58.1Time [ OPaque by flaming. 5.8.{ Lime flaming,”
Magnes:a. Hagnama
{ Manganic oxide.
[ Aniimony © (Antimony
H S. nxld 8 of{ Bismuth - 5.8, oxide of JBismuth
‘ Cadmiom Indium
(Yellowish, h., | Indium (Gray at first | Cadmium -
when S.85., or | Lead from finely re- | Lead
- colorless, ¢.) | Zinc. duced metal, | Silver
| becomes clear { Zinc.
as blast is con-
tinued.)
On Charcoal.
. As with borax,
AR ( fntimony Violet, c. { Titanic acid.
S, oxides o .
(colorless, c.) 1 {Ez’:g'mm Yellow to red h, }FEEE 8
' | Zine. (on cooling, at =

]

Yellowish opalescent, c., oxide Silver.

Ferric oxide
Feebly Eﬂtﬂfﬂtﬂd{ (8.8. red h., yellow c.)

first greenish,
then reddish.)
Titanic, and
Blood red c. {1 Tungstic acids
containing iron.

* In testing for Silica, the assay must not be powdered, unlr brukan into sma.ll frag-

ments to observe the skeleton.
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TABLE II,—CONTINUED.

WITH BORAX,

Color ]
of Beads. IN OXIDIZING FLAME, IN REDUCING FLAME.
Ferric oxide |
Yellow, c, < Ceric oxide
Uranic oxide,
Red to [ Chromic oxide (yellowish
Brown, h | green, C.) l
8.8, { Oxide of Iron containing
Manganese (vellowish
red, c.)
Violet, h Red, c., { Manganic oxide Becomes colorless.
. o §Oxide of Nickel | Becomes gray.
h. and c. {'Dxide Cobalt h. and c,-z Oxide Cobalt
Blue, o, 3.8, (green h.]-} Oxide Copper Becomes red, ¢., in re-
ducing flame. |
Blue, c., Oxide of Copper, 8.8, (opaque red c¢.) CuO.
Ferric oxide, containing Cobalt or | Light to dark [
Copper, and oxide of Coppercon-| emerald | Chromi
taining Iron or Nickel (the green | green, ac-< oxid ©
Green, h, 'I_':ﬂlli}r changes on cooling,accord-| cording to| x1te
ing to the saturation, as well as | saturation.
the proportions in which the | h, and c. black by laming
oxides are present, to light | Uranic Oxide |
green, blue or yellow,)
Yellow to _’ Chromic oxide ( Chromic
. red, h. | oxide
Green, c. | h. and c (emerald

green)
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TABLE II,—CONTINUED.

T PSSy PN E—— Y NE e Y e

WITH MICROCOSMIC SALT.

IN OXIDIZING FLAME.

IN REDUCING FLAME,

| Ferric oxide
8.8, yellow c. { Ceric oxide.

Reddish yellow, c., Nickel oxide.
Emerald green, c., Chromic oxide.

P P S P i e e e

Manganic oxide

Titanic oxide, cold bead violet,
hot bead yellowish.

|
|
i
i
!

h. and c. -‘ Oxide Cobals |
S.S. (green h }i Oxide Copper =

h. and c. { Oxide Cobalt

Brownish b, § Tungstic acid.

L

Blue c¢. Oxide of Copper.

Ferric oxide containing Cobalt or Copper,
and oxide of Copper containing Iron or
Nickel (the green color changes on cuol-
ing, according to the saturation, as well
as the proportions in which the oxides
are present, to light green, blue or green.)

Yellowish green. Molybdic acid.

e e

T T

Chromic oxide

(emerald green)

Uranic oxide
(yellowish green)

'Reddish h. {

Uranic oxide.

Yellowish green, h.,, Uranic
oxide. |
Dirty green,h., Molybdic oxide.

Reddish, h., Chromic oxide.

Yellowish h. {
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TABLE IIIL

Examination of Metallic Substances and Alloys.

Heat on charcoal in
the reducing flame.

L

Volatilized rapidly without fusing, forming white
fumes, coloring the flame bluish, and giving the
odor of garlic—As. /

Readily volatilized without fumes or distinct odor,
and not coloring the flame—Hg,

When strongly ignited burning with bluish-white
blaze, forming incrustation on coal, yellow h.
white c.—Zn. :

Readily fusible, very malleable, so soft that it can
be cut by finger nail, burning with sky-blue
flame, giving yellow incrustation ¢.—Pb,

Rosy-white metal, very briftle, not coloring the
flame, giving vellow incrustation c¢.—Bi.

‘White, crystalline, very brittle metal, giving a
greenish-blue flame, forming a white incrusta-
tion ¢.—Sh.

White malleable metal, cannot be cut byv finger
nail, very fusible, not coloring flame, giving
white incrustation difficult to volatilize—Sn.

White malleable metal, not coloring flame, forming
no incrustation on coal or only a slight red
incrustation—Ag. | |

Tinges oxidizing flame green, Eivas no incrustation
and forms red malleable globule—Cu.

Infusible, strongly magnetic—Fe.Co.Ni.

Infusible, non-magnetic—Pt.Ir. W,

Heat some of the sub-
stance in a test tube
to red heat.

Gray sublimate in cold part of the tube which may
be united into silvery drops by rubbing with a
glass rod—Hg.

If there is no gray sublimate formed, absence of Hg.

Dark Mirror on cooler part of the tube, becoming
white and crystalline by repeated sublimation—
As.

Volatilizes at red heat and forms solid shining
globules on cold part of the tube—Cd.
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TABLE IV.
* Behavior of the Alkalies before the

—— Fal —

| HEATED ©N CHARCOAL. | COLORS FLAME,
PSR S e |
- Potash Fusible, non-volatile, El.b~ Vlmet eaqﬂ}r ﬂhqcured by
- Compounds, | . sorbed by coal, or form a other salts.

S hea,d o . Use spectroscope.
"'Eudn _Fuslhle nnnwalatﬂv ab- Yellow, very intense.
- Gnm pﬂunds. sorhed by coal, or form a | Use apectrusmpa. |
= head.
-Atnmuma. Velatile and: absorhed ]Jj" Faint g‘l‘f‘ﬁﬂ ﬂﬁma when
" Compounds. | - the coal, strongly heated ; best seen
T ] in darkened room.,

L P e s s - e M —————
—— [

TABLE V.

Eehavmr of Earths alune, and

—————rem e ety ———— —_ [ A —_———— —— —
- - ——— e

AL’DHE OoN !‘JH&IIEGAL AND ‘WI"I‘H BORAX DH I‘LLTI.‘%'U‘M

o IN THE FORCEPS, - . WIRE_
ﬁlumma o Una,ltared o | Dmanlves ﬂlnwly to & clear
AL, - bead, becoming -~ opagqué °

neither by flaming nor sat-.
uration, When much is
added in fine powder the
bead iscloudy, scarcely fusi-
- | ble, and shuwa 4 crystalline -
_J_ . | ' surfa,ﬂa on cm}lmg

Silica | Unaltered. -Dissolves E]:C}le?' to a clear -
| Si0y, | difficultly fugrible bead, that

- cannot be made opague hy
flaming.
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TABLE IV.

blowpipe with certam reagents.

TETOTTITTT T TR e st emienee— e — - B Tt g S NPT P S

——————————— s e e e

OTTIER "TEETS,

In presence of Soda compounds, Put.mh may be. reccrg.n‘u;a;iwh} makmg; |
- borax bead, adding a small quantity of boric acid, then sdding Oxalate.
_.of Nickel to form a brown bead. Fusing any Potish cnmpnund with .
thxs bead will prnduce a fine hue bead vest seen when cold. - "

A e e gyt TR mm——n = om— . '_'\-""'"‘—""--rl—u-.'\.rrr rc-w_m.-r-\.-u.-—‘\-—'\-\.—'- P,

”In ahsﬁm*e n:rf Soda Lumpnundq thﬂ Nickel hPad desc: ribed abﬂve gmea H,'.'
brown color, oo |

- -.r o — [ T R — e b e R - — e e s e e, e — I o

Any cumpnund of Amymonia heated wu;h NaCQy in tEBt. tube evnlvee
Ammonia, recoghizable by odor, alkaline Iﬂﬂtﬂtlﬂﬂ and white fumes
- Wll:h HGI '

B Lt e e et L T A —_ —m I — =t P e e ey

TABLE. V
Wlth rEagEnts hefc:-r-e the. hluwmpm
. WITH MICROCOSNIO SALT | WITH Na,COs OF | wrITE SoLuTion E',IF
- ON- PLATINUM WIRE, E‘H.&REGJL o Co2N0), IN O.FL.~

- -_DlEHﬂl‘i.-‘{-"H slowly to a clear Sweliaahttle, and After a strong hlaat ag-
“.cbead, 'that is always|. forms an infusi-{ sumes a fine blue color,
Socoolear, - When much st - ble compound, | the intensity of which is -
oo@dded . the undissolved |- and the excess| only [}P{,rly &Ppﬂmnj;:: _-
. portion’ ‘becomes . semi- | *of soda goesin- | on ecoling, "
a trauaparent a to the coal

1
FLER Sy

—_— —_— . ——— e e

_Ihssolvea E-Hljr in  very DEEEG].‘FEE wmh | With a little solution

small quantity to a clear| lively efferves-; assumes a feehle blyish
- bead. ~ The undissolved | cence to a clear color, becoming 5 dark
- portion floats as a semi-| bead. gray with miore. The
transparent skeleton in| - | 1 ihinnest edges egan be
the melted bead., - ' fused to a reddish blue

glagz in a very hot flameé. |

ATPFLPL Fe SR L el ot = ammm s rm ot L R e e e o — o 2 s ——— g e L
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TABLE VL

Behavior of alkaline earths, alone and

In this and the following table O.Fl, stands for oxidizing flame; and R.F],
and ‘sulphates, after treating with R.Fl. on charcoal, is detected by
on turmeric paper, which becomes brown by the action of the alkaline

bl AL P, —

ALONE ON THE GHAEG{H.L WITH BORAX {JH A PLATII\'U

AND IN THE FORCEPS, . WIRE,
Earyta, i Thé hydrate fuses, boils, The carhﬂnata dlﬁﬁi}l‘i”{‘ﬂ to 4
" Ba®., | swells, becomes: tixed  on| clear bead, with efferves-

the surface and then sinks | cence, and can be flamed
into the ceoal with viclent | enamel-white with a cercain
ebullition. The carbonate | = amount; with more it be-
~fusges to a clear bead easily, comes enamel-white of ig-
and begomes enamel-white | | self on cooling.

on ¢ooling. On repeated | |
fusing it becomes caustic
(alkaline) and i3 absorbed.
Colors the flame yellowish |

i 'green. st DA S

........

WA A = L e TS = CTES TR

Btrontia, The hydrate hehaves like | Like Baryta.
"f EI'G Barvta., The carbonate |
- | fuses only on the edges,
1 ramifying like caulifiower;.
the projections are lumi-
noiis, tinge the R.IFl. red,
and have an alkaline re-
. action,” "In  tlie foreceps,
- colors the tlame erimson,

- Limse, UaU 18 uualteréfl JaC0s | Dissolves easily. The clear
a0, |  becomes caustic, whiter,| bead can be lamed opagque,
| more luminous, then alka- CaCOy dissolves with etfer-

line, and c¢crombles o a vescence, Wilh excesy, the

powder if moistened. In beud becomes clondy and

forceps, GOIDIE flame feebly crystalline on cooling, but

- red, : _ _ never so milk-white as mth
| Iﬂn‘?ta and Strontid.

—— - — ma—.—

- Magnesia, ‘Magnesia 18 infusible, and | Like Lime but not so stmugly .
- MgO. - unaltered, The carbonate ﬂr]rstalime

S | e very luminous . when |- |

heateil, is: denﬂmpi}sed and

hecnmea :atmngly aikalme.
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| TABLE VI
| .'mth r&ngﬁﬁts bef:rre the hlnwp:pﬁ.

gor n_dm; ng ﬁa,ﬁm.,_ The alkalitie property.of the earths, thﬂ:r marh }zmtes
1emf:n:"=ng ﬁh& &muy, mﬂlﬁtﬂﬂmg it with water, mnl presﬁmg tl&a qubsi;mfﬂ.

H“h* tfm f}ﬂ i

) i . e _. 7 1=n - .-..-'.._...-\_.-...._n. PRI S Mnﬂ'i\r.-—_-ﬂrl-r—'\u-ﬁﬂ-r-ﬁ-ﬁr'--“—'ﬁ"'q" "—"-‘E'\"-"':F"" -'--.".' T " i - “ ." e i
SR ﬂ + i o S .
:___Wﬁ,‘ﬂ mmt:nm K110 BALT | WITH Nay,()y ON LHAR_ o _EFEC:THHM; __
TONA PLHMU#{WIEF | AL, BTSN
‘s=-'-:':"_":&$ With E‘k:mw; | Fuses with it zmd is ab- i UE}E Ept*cﬁr{ﬁiﬁﬂ €y Hftltl.:_
- sorbed by thp char- ;- consalt.-tabled in
- coal. - - "ipﬂctmm.&tmlyﬁ:sf

V. . . o
.-\.-\."-.-\..-,:-'h. _-\..-_n:. a-\_l"u.--\.I_F. koo PRI L EN Nt L mnee L ] R M—'!‘\-\. O T

!
%

SrQ by insoluble, SrCO, Lﬁe Epﬂ:trﬂscﬂpﬁ.
foses with any greal
amount of Na(X): to
i - & clear bend, milk-
'_-Whll:eancmhng Morel . o LT
Cgirongly - heated, thﬂ-j:r] n e e
E 'hemi h{n]ﬂ and I.Ile e e T
LI CUETE TR LN B{Jrhﬁd. | If NOre is |
S T ST e e T | ad.jed it doea not diﬁ“‘
i - sodve, - but  becomes |
1 eaustic Eml gﬂEE ‘mtﬂr" |
the coal.. .

Like Baryia.

R T T P L]

X . . : - . . . - . e
q. :.,, '- - -an,_ - _..,_l....ﬂ.a.._.. bl Il T s o b ey R il S ELLIEE SRR S -r'a-\.-\.—'ar-\.-—ﬂ-"'l—.s FEPT LI R Wy .;-...-n. _._.' ..1.

"---':-"B‘;—Eiaﬂives Emrg#lﬂthﬁﬁar--’ IHEIE}III[}IE. Tha md&- goeB UH& sﬂEﬂEfﬂﬁm
v honate with' efforves. | into the coal leaving

| cencéy to g cléar bead | ~ the I:tme behind, "
thiat cans be Hawad
opagne whtm rather

- gaturated.  Perfectly |

5 gaturated, the bead
- hedomes  mitksowhite

v ——"

WITH saLUTmH {}F"_
t Guﬂﬁuﬂﬁ :

;f-L‘kE L“ﬂ&- S ’: B ] Like lee | o _3 ;g,ft@r Iang h!aiwxﬂg,'_.;

- S . . - 1 . -
;.- -\.-.-n.--—-—--—----- Aem e e e ———— Y

1 . hans paletiesh colar,

e e -ﬂn}y p_f{}phf}:}r o I
LIS U e Viwhentguite ool
A e R oE ':!"i’iﬂlﬁ' ({Etb& r&d

. . PR PR Pt - .. . R - [ " Lo - -_'
i rLT— ,_; i L o e AT el S e S T RS e s s, -.-n,---..f-:.—..-\.u.-\_. A by e e - -.,.-..—I._ .

T .
=+ randTmaAra we—m -
- i

s
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TABLE VIIL

Behavior of the more important metallic oxides, alone and with
In usipg BUNSEN'S FLAME METHOD the assay is supported on a carbonized
" less Bungen. gas flame: the reactions may consist in reduction of the
“filled with cold water and held 8o as to out the portion of the flame
| cela,ln farmahnn r:-f colored Hame ; or of metallic globules (or grains)

- -t e

[ —_ - — i —— " ——

lN 'IHL OXIDIZING AND |

—_— i rmr— - —_ o ——————-

- MATALLIC “ALONE ON | WITH BOHAX ON PLATINU‘M
QOXNIDES, . GHARDDAL ETC.. ! WIRE,

(.Fl. szmnﬁ dense fumes | O.Fl, Ldssolves largely to a

which form white coat- c¢lear bead, vn!!owmh ( h.),

. ing on the charcoal, colorless tc} Gn coal the

Antimony. #. ¥ sreduced and vola- dissoived oxide can ke driven
- . tilized, coating the coal ©  off,

Cwith BbaUs; tinges the |
flame grecnish bloe,

’i.?'ula,mhzts below a red
heat, giving dense Whltﬂ - S

Araenic. frimes. . | | -0,
I Garlic odor. | |
1t i LE.BI].}" IPdULEd OT), t:ua.l | O, Fl, Dissvlves eagily (0 a clear
in either O.Fl. er R.FL yellow bead, cul(}riess (6.}, if
to g brittle metallic glob. |  a little nxldp is nsed. With
ule, volatilizable in either more ¢xide the bead is yel-
e flame without coloring lu*.';lish~redd (h.}l, vellow on -
s en the flame, but forming a | . cooling and cpalescent (e¢.).
Bismuth. coating %’f vellow oxide ' -

{h.); bevond this coalii.g

is another thin one ol

white carbonate,

On charesal in REL i | Q.Fl, LFIH.EmlFPH very largely to
shortly disaypears giving . aclear yellowish bead, almost
off brown fumes, and; colcrless{c.). When s!mnglj'
coats the surrounding | saturated, the bead becomes
coal with reddish brown milk-white by flaming,
to dark yellow powder, | R.Fl. The bead containing the

. the coglor of which is | oxide boils on eoal: the Cad-
{Cadmiium, properly seen only when mium is reduced and imme-
R ~cold, Coating easily| diately wvolatilized, coating

.. volatilized by either Blp. the coal with. dark yellow

- flame * without coloring nxtfle -

- flame {distinction f{rom

“Bb)y The coal beyond
_the coating shows & vari-

K gate{!mrmah
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TABLE VII.

reagents, on charcoal, in the gas flame, and before the hlhwpipe. .
match,* or on a thread of Asbetos, and beld in the upper part of the color-
oxide to metallic vapor which'ma;j be condensed on a porcelain r:i:uu:il:fulé'_:
charged with the metaliic vﬂpur, furmmg chamcteuatm stama ﬂn the pt}r- |

on the 8 ppurt.

_'REDULmu FLAMES.

BUKSEN'S TLAME
MBETHOD.

——

Reduced to brittle giohules,

giving off grmmah-lrlua, .
the vapor cutf by |-

flarne?
cald poreelain - surface !
gives black velvet coating

.nf Sh mﬂ.nluhl'&* in NHGIG 'r_

Blulah ﬂ:—mm wi t- h densa
white smoke: vapor cuf
by cold porcelain surface
gives iustrous brown coat-
m;.!; suluble in NHLID

.' Easﬂy redumed to. brittie
-globules ; does not color
flame: vapor cut by cold
porcelain surface deposits
. a grayish-brown lustrous
" ¢oating,

’ﬂ'-:- rlobule ; ﬂrangﬂ ﬂame
and reddish smoke: the
vapor eut by cold porce-
lain surface gives a coat-
ing from brown to blue-
black, according to depth'
of coating.

||||||||| (R SETEE ST ST TR

I:s. reduced very easﬂy on
buat.

coal in either fiame,
the metal volatilizes very

- rapicdly, coating the coal

WITH c&REﬁwi’Tﬁ:gF E{fl]:f- A 1. #&D OTHER

. REAGENTS, . ...

with a white ﬂxide -::rf s

: Autunun?.

Is ra:duapd on uharc,ﬂa.[ w1th
evplutinn of - arsenical
fumes {odor of garlic).

On charc¢oal is rednced im-
‘mediately to metallic
 Bismuth, givinga very

W1 th Ki+S. K
Any cnmpcmnd
4of Bismuth. -
.heated on coal, .
b in @R with

D lglual ]}I’Ll'tﬂ of

WLth’".:

and S; gives -
ﬂ-. El::arletr coat-*

s ing. on the voal;’ .

O ~of - Bisl;

fusible and br LE t Led
globule,
‘O.FL. Insoluble. RFl. On

coul with reddish brown
te dark yellow oxide:
- The more remote por-

- tions of ‘the coal assume | .

a variegated tarnish,

'
LD, T

T

UEB’-‘.-‘_ ]

'.asbes-tuﬂ f el 1;;.
oy mr suppnrt.’

. M,_.\,_ —_—

coal immediately reduced i~ - L
and volatilized, coating ;-

-*For matallic rﬁdu{:tmns. oAt a -E]}lllltﬁl‘." of wnm:l mth Ha,mg,g:_ Eﬂrhﬂnim the wu.ﬂ
Hﬂdusﬂthlﬂuﬂuppﬂrtofmr mRFl. e ok
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TABLE VII.—CONTINUED.

—_—— e — -

METALLIC |

OXIDES.

. ALOBE ON
CHARCOAL, ETC.,

e e ————— e TR e e e = e =,

WITH BOBAX ON FLATINTUAM
c WIRE.

o m——————

O.Fl, Dhssalves slowly bué
colors sfrongly.  With little -
oxide the bead appears yel..
low (h.}, but vyellowish-
green (¢.). With wmore oxide

globule,

i . | Unaltered. in O Fl. and/| it is a dark red (h.), but be-
-_ Ci-l__mmm'm:' + R.FL - . comes yellow on cooling, and
| . itne yellowish green (c.}.
B.Fl. The slightly saturated
bead 1s green (h. and c.).
With more it becomes emer-
ald-green.,
0. FL. Unchanged. . O Fl.  Colors very strongly;
R.Fl. Bhrinkse somewhat| the bead is pure smalt-blus’
| and is¢, reduced without (h.and ¢,). The strongly sat-
G e fasiog W melal (nag- | o urated bead is so dark-blue ag
Caobalt, netic} and assumes a| to appear black, but the blue
- metallic lostrer when color may be seen by melting
- rubbed in & mortar, - the bead and drawing it out .
S . mio a thread. R.FL As in-
QO.F1, -
O.FL. Fuses to a black | O.FL. Colors rather strongly; a
globule which. soon l1ttle causes g green bead (h.),
spreads out and is re- blue (c.}.. With more it ig a
uced to metallic copper | bark green to ‘opague (h.), -
©| on the lower sida.  greenish-blue (¢.). -
o 1R FL Reduced to copper, | R.¥l. Saturated to a certain .
Copper. the reduced particles| degree the bead becomes col-
_ showing a copper lustre, orless {h.), hut red and opaque
but when the blast is {¢.), (cuprous oxide).
stopped, oxidizing again
on the surface. Strongly
heated, it fuses to a
globule of copper.
Ie reduced on ignition in | O.FIL, Reduced without dissolv-
- either flame, and can| ing. On coal can be fusedto
Gold. eagily be melted to a| a button, |
The same.

RFL
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TABLE VII.—CONTINUED.

f———— - [

PUNSEN'S FLAME -
METHOD.

rrF . gt e rmermmeme—

Q.

T — e A

| Infusibiﬂ Maguet:c powder,

R e el e e P

Green ﬁamp but no cuatmg

by condensged vopor; fuses
- - 0 brown globules which
" ‘show copper color by flat-
- tening and rubbicg with
. akmt&hlnda &3 1 1 31111 of
D glass‘

[T L ————TY L LR T F Ll

_ Purple stain with small
. amount, but with larger
amount vellow globules

- very malleable, insoluble
in HNQ;,

B% fm e it e e a——— f———————

WITII CARBOSNATE OF SODA,

o ———

- o e ——— — . — o s i et

O.Fl. On Pi. wire dissolves
to a dark brownish-vel-

on m{rhng
Rr.Fl.
and preen on cooling ;
cannot he redonced to a
metal on charcoal but
remnaing as preenn Or.(d;
while the soda is ab-
sorbed hy the coal,

O, Tl
- small quantity, dissolives
to a transparent. feebly-
red head, g
R.Fl, On coal is reduced
to a gray magnetic pow-
der, assaming a metallic
lastre by friction,

—_————ia r———————

low bead, opague }EU{}W

The head is opaque

(in Pt. wire, in very

b AT A—— == = e s T

a

Mgt mrmte M —

e Mk o oy, g o e 2 s

0. Fl DlSSﬂleﬂ on Pt. wire

to a green bead (hi),: e

ioging color and begomg-.b L ar o

mg opaque on coaiing,
FlL

sufh eient heat

On coal is reduced |~
‘FE!T]." easily to a metal, | -
which can: ‘be fused . 67
ons or more giohules h}r

goes into the coal,

As with Borax, The soda

. P ML . . . 1
. . . . - st - OIS PO : H i

[ L WM
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TABLE VIIL—CONTINUED,

e rim——

METALLIC
GXIDES.

ALONE ON
GHﬁECHAL,hTL

P —

- [ —

EET T T

WITH BORAX ON PL.&TIIH"UB‘E
WIRE,

S b ——

 Jron. -

| 0.FL

U nchanged

R.Fl. Becomes hluck and

Tagnebic (Fe Oy, =hag-

netic ledi:‘ _

- IRE

A - —T

‘ | At a high temperature FbO

Lead,

_—————————— g =

M:;mgangsé.

Mercury.

. fuscs -to a yellow bead,
On. coxl Phtl is reduced

by. either flame with ;

effervescence, coating
the coal with yellow

- bonate. The coats disapu
peai utider “the R.IL,

tinging the ﬂdlﬂb azure- |-

hlue

e AR

{}.Fl. Infuﬁihle. In a hot
enough flame . both the
dioxide and sesquioxzide
are changed to proto-
gesquioxide, yieldiog 0'

and turning hrown-red,

R.FL- Thesame S

Is Ln-tﬂntly r&duced and

volatiliz-d, giving a gray
tarnish 'Df g on the
coal some n.llataamm fmm
the ussay.

O.FL

 0.F1.

oxide ; beyond this is a
thin ecoat of whito car- !

| R.F1L.

With little oxide ihe
bead is yellow (L), colorless
(C.); with more it g rod {3, .
vellow (0.} 5 with still more,
durk-red (h.), and dark-yellow .
(c.). ’
The heaﬂ hE’ﬂUII].EIb botile~ -
gresn.,

—— —_—

Dissolves easily to a clear .
vellow bead, coloriess (c.),
and which with a lafger -

~ quantity, becomes opaque by
flaming; with still more it be-
cornes opaque and enamel-
vellow of itself on cooling.

‘0. Fi. Colors intensely.. .

Very

The hot bead is violet but on

cooling 18 a violet red. An ¢

excess renders the bead quite - .

blaclt and opaque, the color ..
being made-visible by draw-
ing the fused bead out lﬂtu a "
thread. o
The bead: becomes- LUI'EIII'-
less (protoxide.) -
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TABLE VIL—CONTINUED,

BUNSEN'S FLAME
METHOD.

———rn

WITH GARBDN&TE (OF S0DA,

Infusible magnetic gratng,

Q.11

TTa TIEArA -

Insﬂluhle .
R.¥L Iiis reduced on coal,

vielding &  gray, mag- |

netic, metallic powder,.
when the particles ofF

rr—ra | =

c¢oal are washed away. - | o

Lﬂlcrrq ﬂlmc sky-blue; forms.
vaApoT-
cut swith cold porcelain

metaliic globules:

surfece gives a brown
- ¢oating of the metsal,

O.FL, On Pt. wiro it dis-

solves easily to a clear:

bead, becoming yellow-
- ish and ﬂpaqua on u:ml-

ing,
R FlL

- duced on coal to a metal,

- which afterwzrds {}Dﬂ.t",’r ;
:__i"h.[:: eonal with oxide, ..

v,

i

D.Fl._
~trifiing . guantity dissolves
o & clm,r transparent

. gréen mass {11} beacm- ;.

Is lmmpdlaiply re-

On PL foil 4 very |

—_— e e o

[ —

Wlt-h KI hEﬂ-t‘:
el on. coal, a
permanent

yellﬂw cout-
ing. Pbla;

ing opaqus and. hlmsh—- 1.

green {o. b

metal on coal. .

Any compound of “hIn.
fused with KCiOQ. on P,
foil. gives a . purple nass
and makes a pn

Not redumble tu al

Kpl& aolu. - o -
tion in water— Mng(}a .

= YVolatilized easily, gives a
- gray stain to cold porce-
- lain surface of Hg., which,
" may be united
- globule, .

into al

5
%
'i
i
1
|
|

Heated to rednesq in Llnaed'
tube it
vaporized, the vapors

‘condense on sides of
a gray film, .
~which may be united .
into a globule by rub-;

tube as

bing willy 2 g'ass rod.

is reduced and !

- ___-___

Hea,ted thh'
'KI. and. Cat)-
in ‘test tube;,
- forms a scar-

let Hubhmate,
Hg‘Ig
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TABLE VII.-——CoNTINUED.

[ TI— .

METALLIC

OXIDES.

. . Molybdic:

7 Oxider

I R,FL

. ALONE ON
CHARCQAL, ETC,

———— .- ———— ol e o

| 0.1 Fuses, spreads out,

volatilizes, and forms, at
a certain distance, a yel-
low pulverulent coat,

- congisting  of small crys-

tals mear the assay. The
coat becomes white on
cooling and the crystals
colorless, Near the assay
19 a mnon-volatile fihn,
¥Mo,, dark copper-color
{e) and of metallic lustre.
The greater part
pinks into the coal, and
by a good flame c¢an be
reduced to a metal.

- — P e —— —-_—————

——

WITH BORAX ON PLATINUM
WIRE.

i ;.'J Fl. Dissolves easil y and large-

Iy to a clear bead, yellow (h.],
colorless (c.). A very large
addition produces a head dark
yellow to dark red (h.), and
opaline to a bluish-gray en-
amel (¢.). . .
R.¥l. The bead produced in
O.Fl. Dbecomesg. N.3. brown,
and 3.8. is opaque (MoO,}. In
good flame black fHocks of
Mo, separate and can be
very distinctively seen in the
vellowish bead when it is
pinched out fiat. :

" Nickel.

| Silver,

O.Fl. Unchanged.

a metallic, ¢oherent and
infusible powider, which

assumes a metallic lastre,
and is decidedly mng-
netic. '

_R.Fl On coal is reduced to |

by friction in the mortar

O.Fl, Colors quite intensely ; a
little - colors— the  hol bead
violet, but a pale reddish
brown (c.); with more the
colors are darker, |

|'B.FL The bead becomes gray

and cloudy, or gquite opaque,
owing to finely divided metal-
lic Nickel: On continuing the
blast the metallic. particles
collect together without fua- .
. ing, and the bead becomes
colorlegs, ' S

Stlver in' either fAame:
readily fuses to one or
rriore globules,

Reduced easily to metallic |

0.Fl. Partly digsclved and part-
Iy reduced, the cold bead ia
opalescent or milk-white, ac- -
cording to the amount dis- .
solved. - - -

R.Fl. On coal the bead is first
grayish from reduced Silver,
but asfter all the Silver is-
fused to a globule, the bead
becomes clear and colorless,
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TABLE VI, -—Coxtryien,

e A S e, .
R e v

BUNSEN'S FLAME s R
METHO. | WITH CABBONATE 0¥ SODA, |

I

Colors. flume greenish yel. |
low ; the vapor cut by
~tedd poresdain
gives a stain from pup
plsh trown to deep bine, |

AL L e el c e mm = e e e r————r
e

. Magnet'c geains, |

Easily reduced to white
~ globuies, very malleable,

!E

]
1

wiirfoce |

[p———

. L SR .
I5 instantly reduced 1o one |

L e et T T R T T

O.Ff. On Pb wire fuses |
with ellervescence to g

- clear bead, milk white on ;
1 coohng, ;
L RLFL On voal fuses with

effervescenoe at fired, bint
afterwards the fused
mass i ahsorbed by the |
coal, #nd the greater
part of the acid is ro.
duced tn owtsiic Molyb.
denum, whicll can he
obtainad as & steel grav
powdar by washing away |
the particles of coul. f
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perticles, which, atter ghe |
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TABLE VII—COSTINUED,

- oa————a -

-

. METALLIO
OXIDES.

——

ALONE ON CHARQOAL,
ETC,

[Erer

WITH BORAX ON PLATINUM
WIEE.

———ra

Tin.

. of 8n0s being generall

strongly luminous, and ig |
yellow while hot, but;
dirty vellowish white |
when cold.

'R.FL  Isreduced to ametal
" by acontinued and strong |
flame; a trifling coating

-

;

L

formed near the assay.

H
v

. oo ra . - |---- - L — - -
0 Fl. The oxide becomes | O.Fl, Dissolves in trifling quan-

tity, and very slowly to a elear
bead, remaining colorless on
cooling and mnot becoming
opaque by flaming. A satu-
rated and perfectly cold bead,
when heated to Jow redness,
hiecomes opagque, loses its

_gpherical shape, and shows

distinet crystailization.

1&.1"“1 A not saturated bead is

unchanged,

- AL TR ——— e ik ey S = S

| .Zin{:.

e AR B et R i o P L tp—, e — ] Ter el T e

i+ and formws a new coating | e
i R.Fl. 'The saturated bead he-

i el N LU LR

vellow, is infusible, but :
strongly luminous when |
ignited, ‘
B.Fl. Gradually disappears,
heing reduced, volatil ;
ized, and again oxidized,
‘on_another part of the

ceal, yellow: (h.) white
(&%

0.Fl. Becomestransiently j O Fl. Dissolves easily and large-

ly to & clear head, vellowish
(h.) colorless {c.}. Vvith more
oxide the bead becomes
enamel-white by fliming;

becomes epamel-whitle of
itself on cooling,

comes cloudy and grayish by
the first b'ast, bat after Jonger
owing is clear again.
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' TABLE "VII%CGRTH:‘UEI},

ey oy presm sl ek imoma e

[ R

BUNSEN'S FLAME METHOD,

M Ay e, e ey rwhovragees s A RS R AL L e BT T

The Chlorides of Tin vield a |

vapor Which . deposits a|

brﬂwn metallic stain on
cold porcelain, or a chalky

* coating of Staunic G_xida.-_-
o than wzth “l'agCOm

T IR e A M I e T R T R N e AR o wam 4 e et s e s msdamen

Bl ot 8 -

| ' Q.FL. OnPt. wire combines !

- e <.

WITH Cﬂ.HHO'\ATE OF ‘1{}1}.&.

e e iy Y

e e L T, LS L LA ebn i

L TAT T LT T T S S S ——" R S——" —_

with the 8oda with fﬁ&r—
vescence fo o swollen i
-~ infusthle miags,

R.F.
coal, -

e it T AT e T .‘-'d":-'l.!ﬂt':‘"'\cl..'."‘:'b-'ﬂ"'.m{u

o dem e bk

Heduced to Tin &n i_-'

| By using KG}* the metal‘
esn . be reduced more

easily and ﬂffﬂ(‘tll&“)’

L
-
]

Z!I‘IL’: mmpﬂuuda strﬁnvlr
“heated give & vapor hich
deposits 4 brown metallic

stain on cold pnrwlan

Burfame

e 1 e e e T T L g

i, I'l.'\.l.ﬁ'\.l_ T s g o L e g e

O Fi, Insc:nluhle. -

"R.F. On coal is I*F-fiilﬂf*d
“volatilized and re-{m-
dized; givivg 8 Zme:

ooatine. . With o wond e
flame the Zin; lame mnay |
even be produced. :
|
_. {
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SOLUTION.

AftEr th& prehmlna.rv examination of a solid, the nex$ step in analysis ia
"to hring it intoa liquid form, or dissoive it. In a complex body, a partial
- geparation of its components may often be effected i in the act of sclution,
'and valuable hints in regard to the nature of a substance may be derived
from its behavior with different solvents. Thus, one part of the substance
mﬁy he goluble in water, while another ig ingoluble in water but scluble in
acida, while another part is insoluble in water and ac¢ids, By dissnlving in
water and removing in this form, we may entirely separate this part of the
substance from the regt by treating the residoe with acids, we may sepa-
rate the two remaining classes of bodies in the substance, Amn impnrtant
step in analyeis may thus be secured in the act of solution,

- THE EUBETA'-IEE IS NOT HE.TALLI& Non-metallic substances may he
_'Iil‘FldEd into three classes, ‘mecording’ tn thmr respective behavior with
ﬁwater and a.mda._ Thiss clagses are i
l Substmncr*a Soluble in witer, | -
| Subsmﬂﬂes {nsoluble (or sparingly soluble) in water, bul soluble in
Nmrfw Hydrocehloric, or Nitro-Hydrochloric acids. | |
| S‘Hbstﬂﬂc&.ﬂ wwﬂluble in water and ix any of theee acids,
| '_ Rﬁduﬂe the Hubﬂtance to & fine powder in a poreelain mortar ; place half
& gram of the pﬂwder in o test tube add 20 c.c. of distilled water and heat
- to-boiling, - .
1. Soluble n waler, 1f the substance entirely dissolves it belongs to the
first elass. If it does m:rl; appear to dissolve even after protracted boiling, let
t:l:ua solid matter settle, pour off a little of the clear liquid and evaporste on
" a clean slip of Platinwn foil or glass ; if nothing remains, or only a very
:"*"shght atain, the ﬂubstauce is practically insoluble in water ; but if a dis-

tinct residue remams the substance is nartialiy soluble in water ; in which
~ ¢ase, boil the undissolved residus with mere water till no more will dis-
'.-.'__'snl*re, and mix all the watery. solutions for analysis. If the water will
.'-;'lilﬁﬂﬂi?ﬂ I}lﬂ}' & part of the substance, the original substance pmbablv Con-
1-'."'_-tmns at. laast twu bﬂdnes {}[ dlfferent.: aﬂluh;lmea which should be ana,lyz ad
'; ..j.:Eepa.ra.taIy B - : o
RSN Im;-ﬂlﬂble e wﬂt&r, bt s&!uhﬁe in a{:idg Treﬂ.t the ras:ﬁuﬂ Whmh_-'
water will . not: diesolve, with dllute HCL I it does not dlﬁsﬂlve heab Ao
hmlmgw, 1f this fa.lls to effect cnmplata solntion, decant the clﬂa,r ﬂm-:l into
__&Imther test tube ‘and hoil the residue with concentrated HGl lf lﬁ ﬂls---'_“:'
sﬂlvasa add it t@ the fluid in the -:nl:her teat tu‘ha for anaiysis. .
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The resctions which may manifest themselves in this ﬂperatmn "j’uEht w
be carefully watcheid ; they may be: e AT R

i Hearljr odorless, effervescence—CO, frnm Carlmn-ﬂ-';-:f':

ates, .
{ Fetid odor, effervescence—H,S. from Sulphidea. ?:
| Odor of burning 8.—80, from Sulphites. " " -
i Odor of peach leaf—HCy from Cyanidea.

Pungent odor, yellow color—Cl, and nﬂdes uf E:L i
from Peroxides, Chromates, Manganates, etg, AT
~(View the tubse lengthwige.) .

1. Colorless gases
escape.

2, Colored gaﬂes
form.

ThE student must bear in- mind that HCL when heated gives ﬂff & pun{ |
gent odor, but it is colorless. -

If the substance is not entirely dissolved {except separated Suiphiir or
gelatinous Siliea) set aside this test tube with its contents, and treat some
of the original substance with Nitric acid and hea$ to boiling; the escape
of red fumes indicates an oxidizing process. If the substance does not
digsolve (except Sulphur or Bilica), mingle the contents of the test tubes in
which the substance has been boiled in HCL and HNG,, and ascertain if
the Nitro-Hydrochloric acid thus formed will dissolve it; if necessary, heat
to boiling. The substance, or that portion of the substance which. disgolves
in acids, belong to the second rlass—Subsiances {ﬂﬂ:}!ub!e in waler, bu.'t-.
Soltuble in. acids. . :
X Insalub!e substances. 'The substances whmh remain msnlubla aftar
this snccessive treatment w:th water and ascids, belong to the third ﬂlmss-a:__;_f-
- Substances insoludle or very 9pariﬂgi'y soluble in waler gnd in qeida,
The hodiea mc]uded in this class are Sulphates of Barium, Stmntmm,.;_.
."'::."'Ga,lmum, and Lead : the Chlorides, Bromides, Todides, Ferrocyanides, and

| 'Ferﬂcjramdes of Silver; the Ferrocyanides and Ferricyanides. of several'-:?f_'

- :other metals ;- Sitica and many Elhua.t&s H&tlvﬂ ,&lummﬂ-, Aluming Whiﬁh"??.’.-"

‘has bheen 1gn1ted, and many Alummatea* 1gn1tﬂd Chromie oxide, -gad-
'Dhmme- iron ore ; wnmed and native oxide of Tin; some Iialetaphnﬂpha.tesff";:
-and some Arsenates ; K llli}rliiﬂ nf Calcium and a few other mmpnunds liif: .
Flaorine ; Sulphur and Carbon, e e
The preliminary examination by Tahl-a 1. w1ll give va.lua,'hla in fnrma.tmn
in regard to the composition of these insoluble compounds. | If from such’
- examinaéion, 1t becomes probable that the substance belongs to any. of the
fﬂﬂuw:mg clagses, the special sroatment of that class may be instituted a,t._'_'
- once.  Bub if no indication of this ua,ture appem‘s the finely pnwdﬂrad'_f_'_':".:
o '.suhsta.uma is intimately mized with 4 parts of Na,C0;and counverbed into’ o
- solable form by fosing on charcoal. The fused mass is hoiled with'ten -
::_-.:,_;'mlumes of distilled water, the wa.i;arj- aplution (which will cmﬂtmn ﬂ.u

_'.':'.'-fjﬁ"es;ceaa of Na,00, is fltered off and presewad for detectmg the aeni ra,dl- .

:"_,_f';f_:_f'.’j___ca’l* the ‘thoronghly washed remduﬂ is dissolved in I:'[Cl or’ HNB, andy
:ii'fif._{;_’.f".mnl}'xed for the basic ﬁuhstanﬂe. o . s
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bﬂL}}"ﬂ.i‘lEE with Na.CO; upon charceal in R FL give @ hepar, i. €, the
T moistened mass pressed upon Silver foil or Lead paper gives a brownish

G abaine ‘jﬂlphﬂtﬁ of Lead is blackened by NHHS; with Na,C0, in R.Fl,

oni’ char{mai gives a metallic globule. 5u1phate of Calcium is somewhat

1.,_.*.._15{.11 ﬂblﬂ ;m water and its golukility is increased by HCI.
o 53.11,1-::5. AND SILICATES, with Microcosiie Sulf, give a skeleton af Silica,
’E'ﬂr ‘this examination the assay should be in the form of splinters rather
._S'_-"_'-{haﬂ jn powder; to detect the skeleton. Fused with Na,CQ., the Silica
- hacomes soluble In water ; when treated with HOL, the Silica may separate
" as a gelatinons mass, or, if the watery sclution is acidified and evaporated
to dryness, lhe Stlica ie left a5 an insoluble powder. .

FLUORIDE OF CALCIUM AND INsOLUBLE FLOURIDES, with concentrated
.50, give off gaseous HF— which efuhes glass, and trernishes a dry gliss
surface. For detecting HF, consult table for the analysig of acids,

OHELORIDE, BROMIDE, AND IoDIDE OF SfLvER., Blackened by NH,HB,
Boiled with HCIL and a fragment of Zn,, the Stiver will deposit on the
vinne, and a chloride, bromide or indide of Zine wiil remain in roluticn.
1f fused with Na,COs, the Silver is left in the form of carbonale, readily
- goluble in HHUa If any eompound of Bilver is treated with Na.COs on
. '_;ﬂh&rﬂﬂa,]. in R Fl: a glnhule of Silver is obtained. =~
- OXIDE OF TIN. With Na 200 and: KCy, on Charcoal in R.F. affords a
- -;ﬂi-i‘tﬂﬂiﬂ globule. After 'fuamg with Na,CO; the oxide is soluble in HCL.
A TLUMINA AND ALUMINATES. When moistened witha solution of 02 NO,

ard then ignited they give a blue infusible mass, They all arerendered

Bol. ab’e by fusmg ‘W’ith four par ks of KHBU;} then treated with water or
Ailate HCL - - |

COMPOUNDS OF CEROMIUN. With Bt.rax these give n groen bead both in
L Fl. and R, Fl. They are rendered. soluble by fusing’ with KHS0,, or
KNGO, Chrome iron oue requires successive treatment by both methods.

Cannoy is usually black ; is ingoluble in water and in all acids; : if’ treated
with fused KNO,, it hurne vividly and E,CO, is formed ; if placed o,
Platinam foil, and the foil is infensely heated Ly the blowpipe fame play-
ing on the uader side of the foil, the carbon is always burned away.

INSOLUBLE FERROCYANIDES AND FERRICYANIDES are eusily decomposed
§ by hm]mg for a few minutes in & ‘solution of Na,C0Q,, when a soluble
._.Eﬂrrnﬁyamda EII' Ferrm}'amde of:Bodinm. is formed, and the base is left as
- a metallic oxide or carbobate—eoluble in dilute acid. | |
| Many uther Bubataucﬂs insoluble in water and Hﬂldﬁ, are dLLﬂﬂlpUﬂed. b]'f
P!‘ﬂlﬂnged hmhng W]th alkﬂ.lme carbﬂﬂatﬁﬂ, | .
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SOLUTION OF . EUBETLEGEH WHIGH A.RE METALS [}R ALLGTE

Th-a metals are clasmﬁed amur{img to the;r re.speﬁtwe hehavm’r wﬂ;if
I Metala n-:rt acted on- hy HN 03, Gnld Platmum Iruilum ﬂnﬂ. ﬁlummum :
II. Metals which are ﬂxldlzed by HN O, but whose amﬂs;s dn I'Iﬂi} dlslulve'
in an excesy of this amd or in water: Antimony a,nd Tm.._.: A #Z
111, Metals Whmh are {:Dnverted into Hltrates, sﬂluhle in an exﬁess nf the.
acid or in water All nther metala. B R S SR
Pour HNO,; over & swmall portion: of the metal or alloy aud apij heat
i. Complete solution takes place speedll}r or upon the addition of Water*_
- absence of Gold, Platinum, Tridiom, Aluminum, Antimony and Tin. Any
metal whoze Nitrate is-soluble may be’ present, o
2. A residue is left,. If thig is metallic, pour off the acid and test the
solution to see if any part is soluble in HNO,; wash the residue and pour
over it a-little HCL; if it dissolves with a brisk effervescence, probable
“presence of Aluminum ; if' HCL. does not aci on the substance, add HNO,
(thug forming Nitro-Hydrochloric Acid), dissolve the substance by appli-
- cation of a gentle heat, and examine the solution for Gold, Platinum and
- Iricium. | |
If the rPsnqus is. not metallic but is a white pulverulﬂnt Buhstam}e it
j-'mdma,téa the presence ﬂf Antlmﬂny or Tin. . Pour off the Nitric Acid, wash
'j--:'_.-the remdua with. w‘ater, dissalve 11; in HGl aud E‘IEIIIIIIE thls Et}lutmn fm":
-E_D'E]ﬂll'_'}ﬂ}’ ﬂlld TID. Lt Sl : . e e
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ETHQD OF AHﬁLYSIS OF SUBSTANCES IN
: | SOLUTIGN ) - -

When we h&?e a solution of unknown substances, the ﬁrﬂt step in ite
: j';:"anﬂlyals is to'separate it into groups of chemically similar substances by
miegns of the group reagents HCI, H.S.,NH,HS., ﬂmd (N.E';),,.Uﬂ. in the
wsem‘:ﬂ of NH,OL. o
- Suppose we have a golution c-:rrrtmmng members of aH the grnupa il we
" add to this HCL to distinct acid reaction, ail the Silver and Mercurous
" bases present will he precipitated as Chlorides, becanse they are insoluble
in water and in HCIL. If Lead is present in considerable quantity, the
iurger pa.rt. will be precipitated because PbCL is only sparingly seluble in
' eold water, but a small part will remain in goluiion because of this spanuog:
'{.Eﬂll.lhlllt}" By means of HCL we thus remove all the Silver and Mer-
lﬂ'?-ﬂurﬂuﬂ ‘bages from the solution, and these bases need :}nly be sought in the
-:"Pl'ﬂﬂpitﬂ-tﬂ thrown down h? HGI If o prempltu.te form WIth H{ll these
. haser are entirely absent; Bt {f- ]:[Gl is added in qua.ntu:y insufficient to
x ::'ﬂﬂmpletely prempltata thElEE haaes, the Euhsequent addltmn of H.8, wil}

: -_.--prempttata ther as Sulphldas, and they will then appear among the mem-

. '_hars of the second group. The same fact is seen in nearly all the group-

- 'rﬂﬂgﬂﬂtﬂ ; if any grodp-reagent is used in amount 1n5uﬁclent to produce

‘complete - precipitation, the addition of: the nexé group-reagent will
._'-:;pmmmtuta the members of the preceding gmups * - Hence the following

- rale s Whﬂnever ang growp-reagent. pmdwes a prempttute, continue to

- adid 3 I no more precipitate forma.

In using liquid reagents, it is not advisable to pour into the sulut.mn a
-~ large quantity of the reagent at once, becanse many reactions will e8Cape
- motice. It is best to add the reagents drop by drop, and to observe closely

T a.njr changes caused by the reagents in the solution for analysis.

_-Table VLI exhibits a acheme for separating unknuwn substances into
_ groupa of chemmalijr gimilar substances preparatory to final analysis, The
s Emup-reagrant is added till complete precipitation is secured, and then the
i Eutn'e contents of the test tube are thrown upon a filter to separate the
’Hﬂhﬂ parb { prempﬂuta) from the liguid part which runs - through the fiiter
| -_ﬂ:(ﬁ.'»trate} The prﬁﬂll}lliﬂtﬂ on -the filter is washed with distilled water to
. -Pemiove any ‘adhering portions of the: hquul which may contaih matiers
_* foreign to the precipitate, and this washed. precipitaté is then dissolved,
" Jand apecial reagents used for its analysis according to the ‘Tables for
analjrma of the several grﬂupﬂ

. *Thﬂ prinejpal e:ﬂapt.mn is that NH, HE will dissoive the Eulphidﬁs of Aﬂ an., En -
' Pt. and Ao, )



The fillrate (tha ulear Ii‘qu’iti whmh pﬂaﬂes thmugh trhe ﬂlte:] m
cage is used for the Be paratmn of . the sucueedmg gmup hy use'of ik ﬁﬂ:ﬁ'?fi
group-reagent. - In umng the. Eaveral gmun-r&agenta we need tn attaﬁﬁve}y,;}-:-:{'
consider the character of the. reactions. which. take plads. Fﬂr mmpla
When we uge HDI for prempltatmg the memherg Qf G-ruup I mp e:x:pe ﬁf'ﬁ n;:j__:.
whito, rapldl]r-ﬂubaldmg prempltate which dOEE not. dlﬂﬁppm on. ad dmg 1.
more of the acid, If hﬂwever, we. ﬁnd &, gelghnnm pr Eﬁlpimte, or. E.:_._';f
milky-white one tha.t lnng remains in suspension, or the: precipitate at st
formed seems to diminish on adding more.of the acid, we: auapecm tha pra-:if
cipitate contains some substance not-a member nf Group I. Ca

Eapecial care 1s required in the use ﬂf H,S. because the s.ulutmn of thna-:"'
gas, as :}rdlnarll}' u&ed is a weak acid hy reason of the aparing sulubﬂity: '
of the gas, We can'never be certain that we have secured the full aclion
.of this acid unless the solution smells distinctly of the acid, even after
violent shaking of the test tube and its cnntenta Tﬂ_-ﬂt_ﬂ]_ﬁ filiraie with a
fow dmpﬂnfﬁgﬂ . L . | . .

Whenever we ha.ve- & solution t}nntmmng an unh:unwn numher of
unknown substances, the mﬂtrhod of separation by gmup-rﬁagents and the
analveis of each group by itself is mdmpensahla for accurate analysis.- But
if for ahy reason we know that we bave only the members of one group
present, the usa.of group- rea.gﬂnta is only necessary to identify the gmup,

and mtead of . aepara,tmg the gmup-prempltata and. d:ssulﬂng ‘thig for.
;maljrais we may. use . the nngma.l sﬂIutmn at once for the npplmn.tmn. ﬂf-‘l
- the special reagents whmh ‘serve to 1dent1f}' the memherﬂ ﬁf that gmup
" This msethod is 5pemally apphcable in, labnratory praéﬁwa W‘he:rﬁ “phiat
-gindent is get to a.na.ljr:r.a single ealts. In the ahseuae cif ‘sizch’ lﬂfﬂ’rmatmn
it is best to follow the regular wethod, or afléast. tn use: the grﬂuperea.gemu';
in such way as to show the absénce of. other  groups befnre using’ thar";_:;'_"
original aﬂluuun with the spemal reagents to. idﬂlltlfj’ the memhera {‘.i-f n.ny.___j;-_'
_group. Care and forethought may thus shorten mdny analjrtmal prﬂceﬁaa
without thereby -impairing the accuracy of the results.- In this study -
heedless haste and Eln?anly mampulatmn mature an aarly ha.r?aat ﬂf arrur

- and:disappeintment, -
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TABLE VIIL

Fnr tlasmfj'mg bases into groups by prea::patatmn w:th the four GROUP
the F'iﬁrm*ﬂ fafter separatmn of the premp:tate} from each group -

e T R e = J— fmrm— ——— e

“Tn;r thE ﬂubﬁtanre in solution. add HGI to amcl reantmn- 1f a. prempltate
premplta-te whlch is GROUP L.

,TE— ——— e
rrrrr

Tc- the filtrate frnm whmh HC! WIH nﬂrt f{}l']ill .

: GRDUP L dft!:‘I' Ehﬂkmg 1humughl:;f ’I‘he preclpltate is
""The preclpltahe by HCL - |
-' To tha hltra,te from Whlﬂh
in:
AnCL contai - Lrourll | and NH.HS. to complete
£
..+ White. . The precipitate by .~~~ -
E;‘Eiljli % - HiB, may contain: Groce 111
-AHHIFEEhFTabIEIT Eﬁ% 1’1 . {The precipitate by |
e HgR, rﬂiﬂck, | N, HS. may contaip: = -
A rf-mpn:ate of 8, may * Bi.F;, | FeB. .
form (milky white) | Ay.€,. ) Brown- | CoS. Biack.
- from alkaline. J]E.'nll]fi'- . P£8:, ;’ black., | NS )
in HOL —:“f H:8i0s.. .EnB—Bmwn. e ZHB du-tj’ Whltﬂ"
. {white. and- gelatin- cds. l"i"ellow

'_"-::'.-.ﬂua} fromy -Alkaline A8y s - w]g?éa;n{;i? _
.. Rilicates, mﬂﬂlublﬁ in ‘:‘m.g.—.[hrt}' }'ellow o ish ‘white in
HOL Eﬂlﬂhlﬂ in KH{) 1 bl)gu_ . ; Al ﬂ( [‘Iﬂ‘Fﬁ '{

. presence- of
-_;_.B——-:rf (S, }ﬂfﬂ*“g& : | trace of Iron
~BIOGL . Analyzﬁ hj“ Tﬂhlﬂ X. LF&H& | "
i Eﬂlu,hlﬂ in excess n:nf ‘ Cr'g{HO}n; or neach blos-
-+ Hel, “and- tharef-:lrlra‘ ﬂfl{;‘gmﬁﬁi‘f 11’;?;5]' o som.

i _;ﬁu?enﬁjgrg of. this from the presence of |, nalyze hT Table XL |
' a Fe.rrlﬂ sla“; [_}]_‘ - T P U VAP

| '. Chmmate The precipitate may also
1 T coniain: |

Phosphates, [ AL White,
Arsﬁg&taﬁ " Ba. | solubie in

_ or -4 B, }H.Li in-
: _ Oxalates Cla, ﬁnlubla in
T of - | Mg ) E

N 'H,8i0,, insoluble in H,
S but anluble m I{HD




39

TABI..E VIIL v

L B _.r_.._.

REAGENTS, HCI H, S HH.,HS and (NH, ECGE, used m succesmﬁn 2
being used for preclpltatmg the succeeding group. - AR

O 3 ..-..__'u. ,— |-' '-l. ﬁ_.._uu".." C .

'fnrmﬂ cuntmuﬁ tu add E[{}] mll O More pl empltate fﬁrms, Eap&rata thia .'

._.b' '_ '._-'-\..__

" BN - L.
e —————— " — — mrr—— —\. il -'\.'\-_I.— L

Y I Py S L T T L LT
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(NH 4]@(}{}3 to cﬂmplem premmtatmn The precipitate is GROUP 1V,
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i The premp;ta.te h}' (N EF;15CO0,. may The ‘filfrdte Srony which {N H.;}g(,‘{);,'-_
contain: ' ‘and NI,CL will not form a pre-:.

| BalCOs,, l White, seoluble with cipitate, may contdin: .. '

BrC0O;. -effervescence in Acetiu [' K

© | CaCls. ) Avid. Nal .o
| Avalyze by Table XIL. ~ | “The Salts of --.4 ; i

LT in aﬂdntmn to thie Halts ﬂf Amm-am&
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Anai}'za b}’ Tahle XIII

—hen Pt ——— '___



490

f _' 'I?EEL‘E IX.
ﬂNﬁLYEIE ﬂF GRﬂﬂP I

T’he wh:te Pl‘EEIpltEtE thmwn down h]r HCI and msaluh]e in excess
e n A -of that acid. |

Thls prempltate may contain:
o AgCL o
PbCl,. - White,~ -
Hggﬂlq
Throw the precipitate on a filter and wash Lt with a Iitﬂe cold water,

" PbCls. is sparingly soluble in cold water, but soluble in 30 volumes of boil-

ing water; if too much water ig used in. washing the precipitate the whole

~ of the Lead salt may be dissolved and washed away. Pour over the

~ waghed precipitate on the filter 86 volumes of boiling water, and reserve

- . the ﬁltratae for analysis for Lead. . Then pour over the remaining . precipi-
- tate NH.HO, which will digsolve AgGL but will not dissolve (but blacken)

'_'Hg;{:lg. Preaeﬁ‘e the ﬁltrai;e fﬂl‘ ﬂ.na.lj'ﬂls for Sllver. Digsoive the

::;j'-:fi-f.-'_-:}hlac]{aned pr&mmtata remaining on tha filter in & httla HNQO,. and uge ﬂua. |
. solution for analysis for Mercury. -
Lesp. Analysis of the hof water filtrate. If much lead is ptﬂseﬁt the
L .ﬂltmte will deposit nﬂedia—ﬂhap&d crystals of PbCl,.. when it cools. To a -
" testy tube:hglf full of solution of HiS, add 8§ or 4 drape..of -the fiitrate; s .
' BLAGK PEMCIPITATE OR BROWN COLOR* of PbS. will be formed. To a f:eat"""
tube half full of the filtrate add a few drops of Hy80,., & WHITE IKSOLUBLE
PRECIPITATE indicatea Lead. Mo another part of the filtrate add a fow -
drops of FHNO,. then’a few drops of K,CrsOy., 3 YELLOW PRECIPITATE .
(subsiding after a time if the solution is dilute) indicates Lead.
© . Afew drops of solution of KI. added to solution of any Lead salt Wlll
. form a YELLOW PRECIPITATE of Pbl,. Any soluble salt: of Lead will pre-

Glpl.tﬂt-@ PHGH}ﬂE’PhU{}: (Whltﬂ lead) by Hﬂt-lﬂll of Nﬂ-gcﬂs If Phﬂﬂl bﬂ‘ |
. rﬂliuﬂﬂ{l with the blowpipe on charcoal, & mﬂ.llgahle globule of Lead will

bﬁ'— ﬂbtamed a.nr.i a }rﬂllow incrustation on. tha coal. Lead nulurﬂ the blow-

i f * l:lne pn.rt m! 1eaﬂ in 1m,{m ::m;rta of wu.l;ar will exhlhlt. this brown culumtinn upm:t'-"':i_:
tha ndﬂiﬂnn ni.' H E An.:f aa.It of Laa.ﬂ will he blnnkened b,'f uctiunﬂf; E‘,
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The insoluble salts of Pb. are raa.{illy decomposzed and Eha- Fb. EEl}ﬂrEﬂ in-
maetallic form by adding to such Lead salt Conc. HCL and a slip of Zo. .
It PbS. is thus treated, Pb. is rapidly seb. free and H,S. escapes..  With
Ph80O, the reauhmn 18 al-:rwer but the reaults the same. = If PbCrO, is
treated with HCL and Zn.; CL escapes, CryCla. (grﬂen} ig formed and Pb.
finally set free. . _ |

SILVER. = .Analysis of the ammonio solulion. To asmall pm:tiun :}f this
solution add HNQ;.to acid reaction: a WHITE PRECIPITATE INSOLUBLE. IN
HANO, indicates Silver. ApCl. spread ou paper and exposed for 10 mluutaa"
to direct sunlight becomes PURPLE TO BLACK by reduction of the Bilver
palt. . .

¢ the ammonia solution containg Silver, drop a amall slip of Zin¢ into
the golution and’heat gently till the Silver is all deposiled in a mosay coat-
ing {(gray to dark brown in color) on the Zinc; pour off the water, wash
thoroughly with “water, remove the Zinc and Silver, pull off the mossy
incrustation of Silver and dissolve it in a small quantity of TINO,, filter
from any residue, neutralize the excess of acid with Nay;COs, and apply to
this solution the spectal tests for Silver. |

1t a portion of the silver precipilate be hurnished, a silvery lusire will
Appear. - '

A sohition of & silver salt will be precipitated cURDY WHITE (AgCl )by
HGL, lﬂﬂn!uhla in HNU, ., but soluble 30 NH,HO. o

Na,GO; wlll DI‘EGIpltﬂtE mlver ﬂalts as grayish-white Ag,CO,, lﬂluh]e mr- |
- WH,‘H(I . - AP .
- Kﬂﬂrgﬂq. precipitates a brick-red Ag:CrQ,., soluble in HNO; mad in
"NHiHE} decomposed by HCL, or a chloride info white Ag(lL .
HagHPD; gives a yellow precipitate, Ag, PO,.
KL prem[}ltﬂ.tes Fellnw Agl, insoluble in HNO; and in NH,HO.; soluhlai"-
: 111 excesgof KI. L SR NIRRT,
Hﬂ-gsgﬂa premprtta.te& white Agﬂ S,Da . soluble in excess. |
- Aslip of Zinc or Copper wﬂl reduce Silver Enlul:mnﬂ to tha metallm stata‘ |
| f{A'I"b{}'I" F}tﬂﬂm} o
' 'The insoluble salts of Rilver are decomposed by Zn. in the prEEEﬂﬂﬂ nf-_‘_-

“HCL; the Silver is separated in metallic form, while the acid element
-.usua&ly'remains in combinstion as a salt of Zn.

" The salts of Bilver are readily blackened by H.8.

. “Any compound of Silver treated with Na,CO, in the reducing flame: ﬂﬂ
'_=r.:ha.rmal will form white globule of Silver. Any salt of SGilver hﬂlﬂ ﬂn n
_ '_lfr_na.rhomaed match in the redumug Bunsen flame will form white mB]lﬂabla R
':_-'--_gglahules of Silver. S
MERG{IRY Aﬂulym of the black residue ren;hﬂimng én the ﬂ!ter ﬂ_ﬁﬁ'

- :- -

i precipitate was treated with NH HO. Tﬁahlack residue is NH Hg,Ck:

et

'f_,{;'-sﬂmmlw thlE in: HHO; (aud a few drops of HCL) by aid of heat, hy whmh
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m#anﬁ. the Mercury is changed to HgCl,. which is soluble, and will now
, ghre. the reactions for Mercuric instead of Mercurous base. - The fact that
'_,'_i;;l'm"hrigimsl materisl wasprecipitated by HCL proves that it was Heretrous
. 'ﬂa.it' hecatise the Merouric compounds are not precipitated by HCL. The
:_ -speciﬁl tests for Mercurous salts must be secured by use of the original
- #ﬂlutmn Hefore precipitation by HCL

SRk (4 drop of the solution of the black vesidue be plﬂced on a clean glip of
_"-__{}(;»pppr after remaining a few minutes, washed off, and the spot rubbed
-.-':'-wmh & cloth, a PRIGHT SILVERY SPOT, READILY vamnmzmﬂ BRELOW A
f.fuyn BRAT, is proof of the presence of Mercury.

A fow drops of the original solution, acidified by HNDE . p]afed on
"anper will forin a silvery spot if Hg. is present.

Any dry compound of Mercury heated with Na ,COs to a hlgh tempera-
fare in.a test tube will derosit. GLOBULES O0F MERCURY on the cold part of
the tube. Any dry compound of Mercury heated red hot with a mixture
nf air-slacked lime, Carbonale of Fodiwvm and Iodide of Potassiom, in a
test tube, will forp a-$SUBLIMATE, SCARLET TO YELLOW, on the cold part of
thi tube,

- Special reactions for Mercurous safts. The Caustic Alkalies- gwes a
'-h]&ck precipitate Hg,0.; H,8. an immediate black precipitate, Hg,S:; KI.
'3_.gweﬁ A greemah vellow precipitate, Hg,Ig , K,CriO; gives an orange
:'-prenpitntﬂ, Hg CrO, reddmh in presence of HNQ,,



TA BI..E X

ﬁNALYSIS GF GRDUP II

h r'_:-__-f':".'-'-

Subatances m:rt premp;tated bjr HCL., “but cumpleteiy prEmpztateﬂ iw-'j
Frﬂsence ‘of HCL. by H,S. in f-:rrm uf Sulphlﬂesﬁ e N )

ER S

To the ﬂnlnlmn fromn whmh H(. mll vot thrnw dﬂWﬂ & preclpn ate- a,dd
HCL to acid reaction, and then H.S. till the solution siells strongly of thzs-‘ff |
acid, even aflter shakmg thnmugh!j, and the filtrate will form no imore
precipitate with H.S, The_premplta.te ig Group IL. Filter and wash the

precipitate for analysls _
The group is dl"ﬂdﬂd into twn dl‘FlEmIlE to famhtate* analysis,

. DIVISION A. —Sﬂ!phqdes scluble in KHO. nﬂd in .nfElHS Th:s dmﬁmn'

may contain ; :
Ag ;S —Bright yellow ; sotuhle in {E_H;'gﬂﬂg; i'hsn]uhle in HU]. -

 BnS—Brown;
- HnSy—Dirty ve]]ﬂw, Solnble in Cone, HCL.

'-'.-.:ggig:}ﬂmngﬂ: Iosoluble bn (VH:CO: o S
Y-S AR Brﬂwn»bla{*k : msﬂluhle m HCl an& 111 HNOE. ST e TR
- Pty Buliblein aqua r&gm,_ . T A -
o DI"E"IEID,H B. —Su{pmdea msaluhle in KH r} {md m MH;HS Thls :iwmmm-'_"

-'“ma}' contain: o )
'HgS—BIaﬁk : msﬂluble in bo’ hng HN{L in ahqenfﬁ l.':rf H{Z‘l

'Phb*—Brﬂwn-hla,ck }“ E»Dlubla i hﬂﬂmg HHU’& il .

i Eoma hmts cﬂncemmg the kind uf ﬁuhstanﬂes preﬂenr, ma.jr be derivediﬁf_ _'
fmm the color of: the prempltated Sulphides. . If 1t ia a hnght yellow,
ATREnIC OT Ladmmm is pmhahly present if a dirty yei]nw ‘Etanmc Suzl-

phide : if orange, Antimony : if brown, Stannous Sulphide, [f the precip-
itate .is licht colored, Lead, Copper, Mercury and Bicmnth are all absent,
becanse the Sulphides of all these metals are black, The lighter color of

" the ‘Sulphides of the other metals may bé entirely concealed by any of these:

“Black Bulplndes ‘While It is useless to search for metals of the Lead apd
'_ _'_.'__'C-:rpper G}HHE ina lrght ‘colored prempltata in the Second Group, the ﬂtudanﬁ ;
. ig' mot to-infer that the Arsenic and Tin bases mtist be absent: from tha black &
-_}'-_:'-,.._prempltates, hut. ‘Tust determme t-hew prasence or- H.hEBnEﬁ by spemal
f.;{--:,'ﬂ-'mveattgatlnu. BRI - o ._ | LRI . S AR
*Phﬂ :I:lj.ﬂ.‘j" a.ppaar in thm Eroup. hennuse nf tha sp-a.nng aulﬂhihtr uf Phﬂl -:-I l;hﬁ 5_
':_-:_';_'f"'_.fﬁrat gl:{mp.f T - _ T T

. ———rA et

.... -
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ha F;rat wash the precipitate by Hgs tn remmre ﬂ-ﬂj’ members of subye-
squeni,} Groups. . If the precipitate is light m:rturecl it’can contain only the
mﬁ?ﬁﬂ}ers of the ﬂrst auhdlﬂsmn (Sulphides Hoiublg in KHO.), and Cad-
-',-.__,mium " Boil & small quantity of .the yellowish prempltate in a little soln-
«:';.f_:::;'itmﬂ of KHE} if 4 bright yellow prempltﬂ.te remains undissolved, Cadmim
e present but if the precipitate dissolves, in part or in whﬂle, a Sulphide
'r.:E Antlmanr, Arsemc or Tin is present. ot
ER £ ﬂiﬂ prempatafﬂ i¢ bluck, mix a small quantity thh K[—I{} and heas
B '___gentlj’ ‘flter, and to. the filtrate add a few drops of HCL: if a yellow or-
R orange precipitate fﬂrmﬂ {to be 6arefully dlEt-lnglllEhEd from separated 5.)
- the -original precipitate contains both the first: and. semnd Bt&bdwt.ﬁfnﬂs of
Group 11, and the whole of the black precipitate must be boiled with
KHO., filtered, and from the filtrate the members of the first subdivision
.sEparated by the aetion of HOL. '
4. 'Theseparation of the first and second Eubdwlsmn may be readily effected
FH_‘%':EEMHWB treat the black precipitate with sclution of (NH.),CQ,. and
s :ﬁiter off the ummnnmc&l solution, which may contain the Bulphides of
&rsenm 'wash the residual black precipitate and boil it in solution of
KHO. which wﬂl dissolve all the Sulphuies -of Antimony and-Tin, - Filter
and wash . r,ha prempitaﬁe still remaining, whmh will contain the Eemnd-
- ﬂuhdwmmn of. Grnup IL., while the filtrates. gecured by the Amnoniacal |
‘and PﬂtﬂEEl(’: Solutions w111 contain the first subdivision, and these members
L may bﬂ recovered from the solutions by the action of HCl. which wﬂl prﬁ- -
| e-:leltH.tE them as Bulphldas

.......
EEHERL
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.&HAL?EIS OF DIVIEIGH . GF GR'DUP Il

| Sulphides solublé in KHO and in N¥ HS but msuhﬂﬂe i thhttt HCL

[ 'The Balts of Gold and Platinum belong in- trhlﬂ El-r{}up and Su’i}dl#‘:smﬂ,
but they are seldom found in ordinary analysis, and are more: rﬂachl}- idens
tified by special methods than by systematic preeipitation by ﬁmup
Reagents. Thﬂ}’ will not be embraced in Group weork, but the ﬂpecial ﬁEEtﬂ
for Lhese bases wﬂl be given in their appropriate place.}

The members of Division A, of Group IT. are:
AB,Sa—Bright }'Elluw{ Solnble in (NH).COy, 1

Inaﬂluble in HCL, - |
Sn3—Brown- l’ }_.Ell soluble in a boiling
8n8,—Dirty vellow u{ﬂ“blﬂ in Cone, HCL ¢olution of KHQ,
Sh,Sg | Ingoluble in (NH.,,} CO.,
Bbgf:u % |
- Beparation’ of As. Eh and Sn. frum thmr mixed Bulphldes i ]',‘.imsmn A,
. of Group IL.
1. Boil the mixed sulphides in {NHJE CO.: iF sniutmn is comlete, &hsﬂ.-uce
' ..:ﬂ-f Sb, and 8n. and presence of As.. To the clear ammunmal golution or .
o ﬁltratﬂ frc-m insoluble Eulpmdes add HCI i.n acid r&nutmn and sepsrate tha
o yellow As;b. for further treatment, '
% Ifan msululﬂe resldua is- iﬁf['. from {HI]' .J,EE‘!.. ﬂ!HﬂHh‘ﬂ in lL c-nu HCI
- gnd “filter from ﬂﬂj’ ‘residue:: Plﬂf:a i the ﬂlﬂﬂl’ Bﬂmtmn ﬂlean iron w;ra
and boil. Sh. will be depumte-d on the iron, and SnCl will be rﬂduc&d to.
'ﬁ'.;-Euﬂli Remove the iron wire and 8b. and test the. E[Eﬂl‘ hquid fﬂr anEi
. by HgCls.. Wash the iron wire, remove the Sb. depl:rs;t,ed. or 1f, or left as
‘black grains in the liguid; disgolve in aqua regia. aud test for bhﬂh -
-~ 8. Instead of the reduction by iron wire, use Zn; HCL., testing the em&y
ing H. for Shi s} _remnve the Zn. and Sn, depa}slteﬂ m:i 1t ‘wash the Sn. a::ui b
disaolve in boiling Gnm: HCL. and test for stannous salts, ‘The hlac’k
. . grains of Sb. left in the solution, insoluble in HCl., disgolve in agua r{:gm

| and teat fnr ﬁall‘ﬂ uf Sb,

.

Arsenm migy he T ﬂund in twu degrees of oxidation, a8: Asy{:. {aﬁem GHE}
: and AsgOs (argenic), and the reactions of their salts will vary in Eﬂlﬂt‘*

. degree: a-ccﬂrdtng to the degree of oxidation. By the prolonged action of
'-'..HEE in presence. of HCl. the arsenic salts are reduced to aTseniiung ﬁuiplude-
' a.nd gwa raactmnﬂ of the ursenmus CI&EE._ R : S
S The . degreo of ﬂxulamm must be determined in. the original miﬂfim
. 'hafnrﬂ the use of reducmg agenta sumh as H,8. Many of the special test&
give best resulta with the ungmal snlutmn or substance. dissolved in H.O. &

.'.ﬂrr in HC]
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- ARSENIC: ~ To the Sotution of Sulphide of Arsenie in (NH),CO0:. add
. HC1. to the complete precipitation of As,S.. Separate and wash the yellow
- "pregipitate, - Dry the precipitate and mix it with Na,C0:. and powdered
. charcoal, place the mixture in 2 dry tesl: tubo aud heat the salts tored heas.
" The As, will volatilize and condense upon the cold part of the tube in a
o hi'ﬁlﬁk"'s'}ﬂﬂwu MIRROR OF METALLIC A8, and a GARLIC ODOR NAY BE
. DRTECTED AT THE MOUTH OF THK TUBE.
AI{EEMGUE OXIPE. Solution of Ag;O,., in presence :::f H{CL., gives a
ERIGE[T YELLOW PRECIPITATE OF A%,9;. INSOLUBLE IN HLl BUT BEADILY
- SOGUBLE 1N (NH, )00, This is one of the mos delicate and characteristic
tests for Arsenic, since one part ¢f -the Sulphide requires nearly 1,000,000
parts of water 10 dissolve it when HCL is present. The only Sulphides
that conld be mistaken for As.9,. are CdS., Sn8:, and Sh.8;.—but thess
are all insoluble in (NH),CO:.., in which As,5,. is soluble.

A solution of Arsenious trioxide in water gives a green precipitate of
CuTLAsD,. (Scheele's Green) with Ammonio-Sulphate of Copper—soluble in
HCL. and NH,HO.
| - A watery solution of the trioxide wili give. a yﬂ'!ﬂw precipitate
| (Ag’_ A80,) with Ammonio-Nitrate of Silver, easily scrluhle in HNT)i and
| in. "IH;HO &ﬂlmuma wntﬂr W:H ‘dissolve ma;n}r ArEEmtrEE, and’ the
prﬁaﬂnue {}E ﬁraeniﬂal ‘salts rmay easily be shown in this way, If wall
L paperﬂ c-:mmmmg the green Argenite of Copper be moistened with a few
__:__'_:_._._drﬂps -:::-f Amm{mm water, asd this e squeezed out upon a white plate
“and ﬂryatal of AgNQ,. be drogped into the solution, a }'FHDW prempltata' .
: :-.~._.' 8. round the erystal will show. the presence of Arsenic, . L S
v aRSEHm PELT{JI]]}F Solutmn of Asgﬂa isnot lmmedmte];.. prammtated :
hv H“ in" presence of HCL., but by the . pmlnnged detion of H,S. the
pentox uia is reduced to tnu:ﬂde and precipitated as As,S.. By boiling the

. Arsenic Acid or Arsenate with Nu,5,05. the reduction to Arseniou: con- -

(dition is Epeednl} effected, when addition of H.8. and HCIl will cause the

. imimediate pr&mpztatmu of As,S,.: this is sometimes obscured by separated

.~ Sulphur, in whicn case the As,S:. may be dissolved by {HH*}_{ O;. fillered
| '_ from insoluble materials, and.the Arsenious Sulphide precipitated from tize
filtrate by HCI.

Amronio-Nitrate of Silver forms a BRICK-RED PRECIFITATE ApsAsO, —

easily sohuble in HNO,. and in NHUHO. Ifthe Arsenic Acid- ¢ontaing an -
excess of HINQ,., e.g. when the Bulphide has been oxidized and dissolved
by HNI}Hn add &gNﬂq. ic the eiear solution and drop into this & crystal of
- “Acetate of Emlmm when the characteristic brick- red ApsAsO. will form
7:-"..--.__'j;-m t.he faid aurmuudmg the crratal . -
o Ammﬂma-ﬁulphate of Copper premplt&.tea hght greemah—bfuﬂ Araenate {:-f -
o :"-{‘,ﬁpper (Dunﬂﬁuﬂi } eas:l;r dmtmgmahed from Echeele s Green. - :
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~ Mg80.. in presence ﬂf NHHO. and NH, (L. prampu.ates Afaenu: A.cid as
= white crystalling galt MgNH,AgO,. . This salt closely resembles tllE’ nﬂra
- regponding Phosphate; but the Argenate can reaﬂliy be ﬂistmguiahed frutm:
. the I'hosphate by the method of reduﬂnnu by hmltng wn;h the. H}pmuia
phite of Sodium and precipitation. of Aﬂésh by Hqs zmd HLI ﬂlrea{ijy
~ pointed out—reactions not given by a Phuspha,t.e It ggluﬁnn gf Mﬂlj’bdﬂte
~ of Ammonia in excess be added to a E{Jlutmn of an. AI'EE!I]:HJFE E.nd the hqmd
- Warmpd a bright vellow precipitate of Arﬂenm Mmyhdata of. Atﬂm’ﬂmu‘m
will form, very similar to Phospho-Molybdate nf Ammonitm. . e
The Arsenites are muah more common and important Eatts t:ha,ri t;ha
Arsenates.  All the soluble or VAPOYOUS Enmpuunda of J!trsemu e varsr
poisonous.

REDUCTION TEST. If any dry compound of Arsenic bo mixed w1th
twenty times its volume of dry KiFyCys, or a mixture of charcoal and
KCy, and then heated in a c¢lozed glass tube 4 MIRROR OF METALLIO ARSE-
N1¢ WILL FORM IN THE TU®E, AND A GARLIC ODOR MAY BE OBSERVED AT..
THE OPEN FND OF THE TUBE. If this metallic mirror is. gentljr heated
whilﬂ a current of air traverses the tube, the Arsenic will OXIDIZE ‘1‘1’}
Asgﬂﬁ AXD DEPOSIT WHITE GCTOHEDRAL URYSTALS ON THE CHOL PART fJF
- THE TUBE. [Use magnifying glass]. The Asgm may be 4:i1=;salmd in water
mul the usual tests apphed

e RELNELH 8. TE:ET In mixtureﬂ a}ntummg Urgﬂmﬂ mattﬂr, thﬂ Eﬂl’uble
e m:rmpcnunds of Araemf} may most ea.mhr be. Hep&ratﬁd h}' hmlmg the. hquui
“swith one-tenth its voluine of HCIL fora- shﬂrt tu:ug, to ramﬂv& Httr&t‘:eﬁ Etﬁt.,
. Lhen placing a slip of clean and bright Unpper in the. llqmd E.Ilﬂl tmnﬁnumg
. thé boiling for a few minutes. If any soluble compound -of- Arﬁenm m
- présent, the metal will be precipitated on the surfaﬁa of the. anper IIE &
o {mﬂ' DEPOSIT OF. ARSERIDE OF L{}PPEH “Chis &5* If the Coppeér: sl:p {dr Lhﬂ
gray scaleg, if much Arsenic wag present] be wrthdmtmf Wﬂﬂﬂed dne::ﬁ
placed i in & dry iest tuhe and heated red- hﬂt & -part of the .&Tﬂﬁﬂfﬁ wrﬂ
nxidme to Ass(, .;111{1 fﬂl‘ﬂi WHITE OCTOHEDRAL LBYST.&LE on l:he cool paﬂ}

. of the tube,

Pnder like mnditiuua the compounds nf Antimony and M&rﬂurf ma.r |
furm metalline deposits on Copper; iut the Antimony does not raadlly
o TD]HHI'I?E by heat, or form octohedral Erj"EtﬂJs at some distatice from the
: G&pper and the Mercurv when heated forms a fil m or drupﬂ nf Merﬂurjr nn
| ';__:' the glass tube. | | & - T e
.-+ For detectmg small traces of As an’ lrnn-c-}pper Euuple is- praparad hr
twmtmg a fine and hright wire of copper armlnd a small rﬁﬁ of" irﬂﬂ e ﬂu
E. na.ll and t}lﬂ couple placed in-a HCL anlutmn of. AE. _ A gfﬂj' ﬂlm is
dapumted on the-copper in. presence of one. partof As‘ in 10,000.

S MARGE'S TEST. " Any soluble: compound of. Arsemc 111 pl'ﬂﬂellﬂﬂ of nascent
Hvlirﬂgen Wl[l form Arﬂenetted H}'drngen—AHHa Iﬂ Dl‘dEI' to e assured
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| ':':.."..;.f tﬁ:a' pu'rity' of our materialy and the absence of every trace of Arsbnic
- fmn:t the chemicals Eml::lnyed it is desirable to perfurl:u a. blank experiment
_by :fm'mmg E[vdmgﬁn with thé. Zine and Sulphuric acid, and testing the :
gaﬂ - see if it affords any indication -of Arsenic ; if Arsenical compounds -

are Eﬂtll‘ﬂl}' absent, the liquid to be tested is then added to the Hydrogen -

genemmr, and the escaping gas tested for AsH,. |
L In this mvEstlgatmn the student will bear in mind that Hydmgeu mixed
ineertain prﬂpcrrtmns with air becomes dangernualy ﬂxplnswﬂ in the
B pr-EEEﬂGE of flame. Before heating the tube which conveys the escaping
gas, or igniting the gas ag it escapes, he will waif till the Hydrogen has
expelled the most of the air from the generator. He will also bear in
mind that AsH, 18 poisonous, and if breathed in large amﬂunt often cauges
 fatal results.

A convenient generator for laboratory use may be made out of a wide-
mouthed pint hottle with a tight-fitting cork having two perforations ;
through one asafety tube passes nearly to the bottom of the bottle, through
which liquids may he poured inloe the bottle without removing the cork ;
through the other opening a tube of infusible glass pasges throngh the
cork, ia bent above the cork at right angleq 80 a3 to paﬂs h-:rr:lzﬂuta,lly and
the end is drawn down toa BII]EIH jet. A half ounce uf pure nr063y Zine is
placed in the bhottle, four ounces of water and half ounce of C.P., Hgﬂﬂi
are-poured in, and the cork with its tubes ingerted, If Hydrogen forms .
rapidly the air will be expeilad from the hottle in iwo to five mmutﬂs,'
when the gas may safely be tested. Heat a part of the hor:zﬂutal glaas ~
tube red-hot and see if any métaliic dﬂpmnt forms in the tube near the
_ﬂﬂrﬂlﬂ at the same time light the Hydrngen escaping at the jet, and cut
the flame with a cold surface of porcelain, and see if any brown spot forms -
on the poréelain, If no Arsenical deposits appear, pour into the bottle
through the safety tube the liguid to be tested ; heat the tube and cug the
Eg. me as before and watch results,
- If a BROWN TO STEEL GRAY RING If DEPOSITED WITHIN THE GLASS
'TUB® AND BEYOND THE FLAME, which is easily vaporized by heat, and in
& carrent of air oxidized hj‘ heat to A8,Q;; and if the flame cut by a cold
__m-_rcelam surface forms BEOWN, LUSTROUS EP{}T"-: READILY SOLUBLE IN
“BOEUTION ‘OF NaCl0, then Arsenic is preeent, _-
As ﬁnttmunetted Hydrogen, ShH,. may be fﬂrmed undﬂr like com-
| ﬂlthns ‘and cnmpofts iteelf in many respects like AgH,, it'is important to
. ﬂﬂr&fullg dmimgmsh betweeu them. = The fﬂllﬂwmg reaﬂtmuﬁ will setve to
‘“Etllinu:sh l;hese metals fmn:l each ﬂther : - |
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Arsenic dapﬂmﬁ in, t'ubg Dapi:lﬁlt..l

.+ BEYOXD the flamae. .
- Eagily vapﬂnzed by heat; ﬂﬂEﬂ nat

Aﬂﬂm&ny dﬂ_pr.}sit in tuﬁﬂ, Depﬂ-ait
EEF{}EE OR, mr BGTH smms ﬂf ‘I:he
ame.. | -

B :Ls presﬂnt

melt - Mﬁitﬂ to: Ema.i! glnhulea va]mrmgd

ﬂ.t red heat}. g
Arsenic spots. Luéfmﬁé brown gray Antt;many spnts yﬂh"ﬂﬂ hrum; tu
_to black. SOLUBLE 1N NaClO. black. INSOLURLE IN NaCle,~ ©

Whitens  bit- does, nnt dmaﬂlv& 1:1_'-'{'5-.
HNO,. o

Treated with AgNO, and & ikite
Ammonia  gives ‘no - cnl::rr,. bul:
‘blackens “when heated,. S

Dissolved bj' drops ‘of’ HNE"E when

- Warmed.

Thig solution with AgHDa a;llt:'l a ]1t—
tle Ammonia gwes a brick red |
precipitate. - |

The color of the 'ﬂ!pt)tﬂf "'their solubility or insolability in Na(lO, the posi-
tion of the dapuslt in heated glass tube, the difference in mlatlht}r, ta.ken
together serve to dlstmgmsh Arsenic from -Antimony,

BETTF‘HIIDRFFS METHON, MobrFigp. If any ﬂnmpnund of Araemﬂ frea
. from Sulphur, be placed in'a mn{:«entra,ted solution of 8nCl; to which half
it8 volume of Conc., Hy80, has been added (to set free fuming HCI.) and

. thé ‘whole heated to boiling, the Argenic will be reduced to s metallic state
. FORMING A DEEP BROWN COLORATIOK, if the quantity is swnall, or & BROWN-
- IEH-EL&GE PREGIPIT.&TE if much Arsenic is present, - |
- This’ I‘E&ﬂtlﬂu s vary del:cata, hut requires the pramuce c-f fﬁmmg H‘C’I |
The ﬂum]:munda of Antimony {10 tiot give thlﬁ reaﬂtmn. Th]-.a pl'DGESE Wﬂl
" perve to distinguish betwedn Argenic and’ Antlmnny, or to detact— .&J:Benic'
in the ptesence of a large amount of Antimony.
o Tha following raactmns, taken tﬂge#her, dlstmgmsh ﬂrﬁemﬂ fmm all -

-other substances : : . §
L Fnrmat.mn of a hlac:];: ahlmng aubllmﬂta hj’ reduﬂbmn. c
'3, Conversion of this sublimate into ﬁﬂgﬂa by heatmg in a nurrent of &11-__
. "8, Solution of thia orystalline sublimate in dilute HCL gw&a & Felluw :

prempltatﬁ with HsS. soluble in (NH,);CO,. .

- 4; Formation of Asil, with deposit in heated glass tube, and lustrous
brown spot on cold pnmelam surface when 11:5 flame i3 cut, the ﬂpnt anlu-
ble in N&GIU

B, Gﬂl‘hl‘} odor when sublimate (1 ) is heated in & sma.ll amount of air, or

Whﬁﬂ thﬂ white sublimate (2.) is heated with redumng agents. | -
I Pmduatmn of brownish-black precipitate by hmlmg Conc. snlutmn nf |
- '511015 and H,80.. {Battendﬂrﬂ"ﬂ Method), -
S &ETIME&H‘E AND TiN—From the Potassic. solution of Sulphides, prempf o
:';-_"'tate the EulphIdea cﬂmplﬂbal}r by HCI, Wﬂ.Eh the pl‘Eﬂlpltﬂ-tE and diEEDl‘FE in
:Cranr. HCL by aid of heat; if solution is milky from aeparated 8., filter. If
--'-:the precipitate ftﬂ]]’.'l the Potassic Enlutmn by HCL. is crange ¢olor, Bbﬂﬂ-t
if hrc-wn, SnS ; 1f a dmg_*, }'E]lnw, EuS,}. Thesp nn}ura am not

T



. e

"'unnﬂ] usive of the absence of Sulphldes of a different color becanse a small
._'-'}amnunt of such Sulphldes may be concealed h}' the color of assoeiated.
:_-ﬂulphldea " | o |

; “1f the nhlundea (af Ani::many aud Tin) fﬂl‘ﬂlﬂd bj‘ dlﬂsnlvmg t:he Sul-
3'3p111deq in Cone, HCI, be poured into a Hydrogen gonerator, the Tin will be
" depdsited on the Zinc as a spoogy metallic mags, with some of the Anti-
.-'._m{my, while a part of the Auntimony will be converted into gaseous ShH,,
:' "__ami i the flame of escaping gas be cut by a cold pﬂr(‘ﬂlﬂ.lﬂ surface, a
LUSTEELESS BLACK SPOT, INBOLUBLE N NaQloO ig E}rﬂ{if of the presence of
Imtlrnuny Remove the metaly deposited” on Zine, wash-them and heat
 with Cone. HCL.  The Tin will dissolve and may be. tested Wy . HgCl,; the
- Antimony will remain as black Hakes or powder ; wash and dissolve in
Conc. HCL with a small cryatal of K10, and apply special tests.

 BPrCIAL TESTS FOR AI*ITIMDEY The salis of Antimony in presence of
" HOL are precipitated by H_§. . ‘a8 an ORANGE-COLORED SULPHIDE, Sb,S,.
Insoluble in dilute FLCL, soluble in solution of KHO, If any acid sal; of

Antimony is boiled with N2,8,0,. the Sulphide of ﬁntlmﬂny ig Bpeemly
s {iepﬂsned a8 a dark-red powder, -

--1f any solotion of Ammmn}- acidiﬁed th:h E[Gl I::e pla,ced nn a shp of
Phatlm:m foil and a rod of Zinc touch’ the: fml thmugh the selution, the
POIL WILL DB STAINED BLACK BY DEPOSITION OF METALLIE ANTIMONY,
| maﬂluhle in HCl. Under similar treatment Tin will be deposited. on. the
Zine in the form of a lﬂﬂsely adherent dull gray powder readily smlub:.e-'
in-HCL, _ N
' Il’:::r detecting minute tracas of Eb the ﬂmlutmn is amd:ﬂpd wﬂ:h HDI -
g ﬂnd ‘a-emall rod of iron with fine pmtmum wire wound ‘around it to fnﬂn'-' |
a small Fa. and Pt. couple, is placed in the ﬂt}lutmn a blank ﬂtam 18
deposited on Pt. wire if a trace of Sb. is present, |

If Chioride of Antimony be poured into a large volume of water, a white
precipitate will form, Sb{l,+ H#D—be{JHEH{?l This oxychloride of Anti-
- mony is readily soluble in Tartaric Acid (distinction frors BiOCL)

When a small quantity of apy compound of Antimony is suppc-rtpd on. &
thread of asbestos and beld in the upper reduction cone of a Bunsen burier,
- the flame becomes tinged bluish-white ; if the flame is cut w:th a cold
porcelain surface, & brownish-black spot of metallic Atltlmcm"i' is for nrec
on the porcelain, inscluble in NaClO. Tf any compound of. ..."!Lﬂtllﬂﬂ_].y i
heated on a carbﬂmzed match, hI‘ltﬂE meta]lm glﬂrbulea w1H fﬂrm {:-11 the_
match, | ' . L

If any cnmpaun{l of Antimony be. erted thh “uagﬂi}a on chm‘cml-
befote RFL, white, hrlttlﬂ glﬂbulEE l.'}f Mtzmnny wﬂl be -:::btamed ﬂ.nd a'-
'wh;t:e coating on the coal.. T

KHU nracipitates Anmmr:-nmus Ed,lts as Sb{ﬂH}a, aﬂluhlﬂ n EKEEEE !}f
KI10,--Naz L0, forms a similar hydmm gotuble in excess on. heatmg. e



TN, Tin forms twao claﬂseanf sﬂlta——Sta.unﬂus a,nd Emuniamwhiah hﬂ‘ﬁ'ﬂh
very different reaatmus with m&ny reagents. g Man}r u«ham:mla wﬂl ehmnge
tha salts frnm oné clasa to the nther Fur Eﬁf&mpl&, theﬁtﬂnnﬂﬂsﬁﬂulphid&
is f-::mnd in tha fm:'m t::-f Etanmc Eulphtd&. Whan EHEIIE;I' Cﬁlﬂﬂﬁ& ﬁfi Tm 13
treated with metallic Zine, the Tin. is- [}I‘E(ﬂ}_)lﬁﬂb&d in t.he nietalhc; fnrm
and when -the metal’ ia fllSEﬂl‘FLli in. TICL. -only: Enﬂlh is. fﬂrmﬂi Th&
degree of oxidation of the mmpﬂﬂnds crf Tm must be determineﬂ m t}w
ﬂrzgmuismutmn. . SRS 5 el

STANNOTS SALTS, Tn normal and nnt m-.:: ulubiuns ﬂf Stannﬁua
Salts, H,9, precipitates BROWN smwm}m ELLPHIDE Snﬁ. m;aﬂluhie m
(NH,},COy.; soluble in Cone. HCI m I{H4Hﬁ and in KO, |

Staunnous chloride. FEEEIPIT&EEE HgCL] AS Hgﬂ;lﬂ. ‘inCI.;,..ni ;Hgﬂm'-eé
‘inGh.JrIIggL} LI exr:.ess uf Bﬂ(;lg ., the Hggﬁlﬂ. is reduced to *'rIMALLI{,
MLRUURY, Fﬂmmmr ‘A GRAY PRECIPITATE WEHICH MAY BE GATHERED m'm '
A GLDEL’LE by hmlmg w:t;h Hf}l Bjr rubbmg the grwmln pﬂwder_ on
}:nnﬂ:ht 3 rface of ("u tha E-ILVERT {‘GLGR DF H;; ﬁ‘k!;‘.]f.{iﬁ"‘ff ma,y he:
formed. . 2 ) e R
‘Thege reactions with H.S. and Hgf‘lg'. ara. dlstlnctive {f' Sta;:mﬂus
- Chloride. = ' T e
M adrop of selution of Snﬂlj. be placed on ‘white filter ; pﬂ,per and & &rﬂp
_.'_._'nf ﬁ11ute Eﬂlutmﬂ r:-f .ﬁﬂﬂlg hﬁ! ];rlaﬂecl on: thiy, a purp&u stoin of ﬁﬁel}'
o '.: dwitled gﬂ]d will Forny it cunséquaﬂﬁﬁ o thﬂ rérlnﬂmg uctm'l ﬂf Sﬂi}lg,,
" SnCl,. boiled with' exﬂess ﬂf ﬂ'xa!ir: .ﬁ..ﬁtd f&rmﬁ Snﬂnﬁa e 1mﬁluhlﬁ ‘ln
'ﬁtmnﬁ solution of H; C 'Dn o o
o UKHO, precipitates SnCl,. as white HHHDGI sﬂluhie :m HLL, Hﬂﬁ m

':'.7'3. excess of KHO: forming B;8n0,, -0

BTAE"Q‘IU EAL’I‘E Solution’ of Stunnm Ealt-‘!il in preaenne nf HGI fﬂrma o
DINGY YELLOW PRE{:IPITHE with HE‘B of: ann insoluble in r**EEE;} Gﬂ-ﬁ,
" bat readily solublé in HHG and soluble by aid of heat in Cone.: 1515 R
Stannic Chlorigé’ dn-ea not prempltate Hg{}lﬂ or ﬁ.a{:ﬂla ,' 1oL reduc:&

' Ferric Ealts to Ferrous state,

3 SnCl,. in presence of HOL and metalhﬂ I_n}n H redumad w Snﬂiﬂ_, ermh
i Iﬂa.jr he dektected by H,ﬁ_q(;lﬂ | : . - o . |
: - Beth 8nCl,. and BoCl. in presence 'Df Hﬂl w:ﬂ he ra{iuced t(} meta’ilm

'atate hy a shp of Zn., fﬂrmlug the TIH TREE* e | : ﬁ



AN&LYSIS GF DIVISION B OF GRDUP II.

5111;:111{1&5 msnluhle- 111 NH HS. and in KHO. ’

;Th& Iﬂemhera uf Dwmmn B of Grnup IL. are:

g E....hlack mﬂnluhle m HND‘:
o ﬂuﬂ-nbla,ck_ -

Bi1,8,—black : R
. Lds. g— ollow : j’ bnlulale AR Hhﬂ*‘ o R T
CPhS—black): | g e

' _,\_ A

Boil the Eulphldes in -I].lllltﬂ HNO;.. If thﬁm s a b!ack mﬂnlilhle Temdua
it is probably Hg8. Filter from any mﬁnluhla rem&ﬂe. Tha solution may
contain CuNO,, BLEEU,, Cdﬂ]ﬂﬂ# and PI)ENG;;. To a fow drops of the
ﬂu-lutmn add a drop of ditute H;80,; if a white prﬂctpltate fﬂrms, add dilute
H,50, to the. whole solution and-filter cut PhSO, and apply to this the
special tests for Lead given in Table 1X, . To the. filtrate or the solution
from which Hs80, does not form a precipitate, add NH;HG to alkaline
- reaction ; a.white’ prﬂmpltﬂ.t.e indicates Bismuthi ;. filter ; a hlue ﬁltrﬂ.te indi- -
cates Copper l::«ut 11: mav a:-ls{r c{mtain Cadmmm whmh by 1te.erlt fcrrma a
unlur]esa anlutmn o ST | | ' SR
.. BISMUTH. Dlesﬂlve the white prEﬂlpl‘tatE thruwn down h]r NH.HO in a
'nmall quantltj' t:nf HNO,, and expel any excess of acid by Eﬁ}lhng Fﬂl a,.__-_'
.'t-ﬂﬁt« tube half full of water containing some NH/L and drop. 1111:0 tlus &
fow drnps of the Hltrﬂ.ﬁa i}f Bismuth ;& WHITE PREUIFIT.&.TE {BLOGI ) IHS&L—--_ '.__Zj
 UBLEIN T.&RTARIG LGIJ} shnws t-he prﬁsaﬂﬁﬁ ::-f Bismuth {dlat.mctmn frum
gth) ; N r
s K:!OI'EGT ndded to Salts nf Biamith preclplt:ates a yeliﬂw hasic ﬂhmmataf‘_ T
ﬂf Rismuth, soluble in HHDg (dmtmt:tmn- from Lead). R

H,8. pruducea a-black prempltate uf Blgﬂﬁ, manluhle in d11ute HDI nmi
-in NH,HS but dmsﬂlﬁ'ﬂd by HNQy. . s - -
w7 KL premplta.tea hmwn HlI,;_ soluble In excess of KT: and in HCI.

o {ﬂlllhﬂ9 O,.. prempltatas whlte Blg{cgﬂi]ﬂ lﬂEﬂlﬂb].ﬂ m dilute amds._
HaEHPlIh_ prempltabaa white BiPO,, soluble in HCL, - %
RS X SnCh. i dissolved in eéxcess of KHO {mded by heat) and t{.‘r the cleﬂ.r |
: :ﬁﬂulutmn a: dmp t:rf ‘any Salt of Bismuth is added and the mlxtura hmled
.LH IHTEHSELY BMDR PREGII—'ITLTE WILL ¥OoRrM, Bi 0. V&ry delicate test
. Auy &nmpuund s-:-f Bi, heated nn chmﬂal mt.h KI * a,ml S wﬂl fnrm arli'_"'
 SOARLET COATING BiS], ON THE COAT, BRI R
| 1f & mixture of KE, 8, and charcoal dust i}e gmund up with & Bz. coti-
pound and heuted stmngly ifi. 40 open. glﬁ.s-s tuha, A EG.&ELET sunm'rm;:-_:
) WILL FORM, BlSI on cu-u:rl part uf‘ the tuhﬂ. e o | :

*KL+4, ]i&blﬂ to dehquasca if axpa:rﬂed l:-:n the alr fur ;1 lung t‘lme A mlxtu:‘e ::-1*
Uuﬁlg. a.nd E la far superior, and is permn.nent. . .
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An}r cnmpuumi nf Blamuth heated 011 an } '
reducttﬂn flame. of Buisen buingr, formsiabr 5' i

':-.:'“-

- cald pﬂrLE]ﬂlﬂ ﬁurface guttmg Eﬁ o ﬂ g5
*muth is only slowly dlﬂﬁﬂlvgd by Eﬂi 1”’5?. 1 R
~ mateh, brlttle glﬁbul&a of metallic Blsmuﬁﬁa"" oh

ke e-n e m::-'!-':.i-. -
ha.mmer. : -

fortnin; g a., Al it brittl
';l} ': P 4 : . .:.. -:. :-.'.'..-.:- i ..':.-:“,: ﬁ.l- ;:-c
. umzl er thé},hhgtﬁ"iﬁ_ e e
. - .‘ i ;':-l"_:l:--_" ; - .: :- -\.-. n

Eﬂ'hﬁ' ﬂ. ﬂﬁf} "i' o R i o
s :—;r::!fg by ﬂt?:%%’:-‘:: 2 3 ,.l_:ll-:" At ot
Eulutmm SRR s G

CoppE E*“Y‘ﬁﬁf ieont Aol
blue, 11; cdﬁ’fﬁiuﬁgﬁ

.2
o
e

Py

LR e ,Er“r *‘Tﬁ*ﬂbnﬁt‘lﬁ tl:uE.. ﬂl"ﬁ ammuma by boiling,
| ﬂﬁlﬂlff with ﬁ{ﬂ Fom pnrﬂmﬂs s '-'-':"@‘af}ﬁ.. ‘A’ RRDDISE BROWN PRECIPI-
'Tﬂﬂ. Gl.lg]:‘ eU¥e. IHEDLME Iﬂ Hﬂl :Imtr EEE.‘HTIFBLE IH HE[;HG iH prnuf of
. &Opper. e TR R e S

CYKHO. added to ﬂﬂ.-tllrﬂ.tlﬂn fn:r Enlutmn nf ﬂa.lts of Cu, prmlpltate& blue
:-'___h;,rdr_a.te: | Qu{ﬂHjﬂ—msﬂluhle m eXCens! whau bmied it hemmea black,
l: HagCG; prec:iprt-atﬂa greeumh blue busm ﬂarbﬂunta bHCUEGﬂ(DH)g. on-:
hﬂﬂmg, blﬂ-.ﬂk Cu0. - R | i

HH;E[G ahﬂrt ﬂf saturatmu prempltate& pala-h‘.[ua ba-.mt: ﬂalts- ﬂﬂ.turated
I}Iuﬁ hydrﬂ.tﬂ Gu(DH)g | Euparﬂaatur&ted deep hluﬂ ﬂululm‘m. (:Elestml
Wﬂtﬂl‘. PR > . '

" HEB jprectpltm:ea frnm Sa.ltﬂ of C‘nppar th%mh hla.ek Cu§,

- The Gh‘mnde of Copper: Gﬂlﬂrﬂ ﬂame ﬁrat brue, nhen gree:n all cnthar Ealtﬂ

{:f Ck}pper mlhr tha flame gr&em

nf Gﬂptiésr hy Btll]EIEIl 'S ﬂama mehhﬂd thﬂ mppar easiljr aeen when thn
::-.E.EE.E.]?” ia mhhed ‘with a knife blnde on a g’iasli E]Jp Thﬂ grean flgmio i is seen

: ,du:rmg the reductmn. o

. Any compound of Copper is Eﬂﬂllj' rﬂduued tﬂ m@tallm E‘I:EI.tB by i:re&tmg

o with Na,CO4 on charﬂnal in R.Fl. The metal ie-melted mtﬁ aglﬂhula ::mly'

-_;:hj' a stmng blast. The grains of (‘u may: be seén by rubbing the assay
111 A pﬂl‘ﬂﬂlﬂlﬂ mortar and 1|al|;r:1.al:n11,:l aw&y tha cha.runal in a EtI'EHIIl uf watﬂr, _

.'f{:':: a.ﬂ ﬂa.:ttened graips, or metallic streaks. | ' K

If & Eﬁp nf brlght. metallic iron be plaﬂad in au amd Holutmn uf Gu., tha
Gu. wﬂl be: deposited on the iromin: IIETLLLIIE: FGRH. ' R
- If dny salt of.Cu. mtmﬂtﬂg 1o free HNG; be amdulated W‘lth HDI ax.u:l

- a'snlutmn of equa.i parts of NH..,GjS aud HH;HEUS be add&d m the Cu.
_-fmluﬁnn. ou hoﬂlng the Gu. _WII..L BE, GDHPLETELY ancmnﬂn 15

s o s
.\,.\,-__..I. ..-__-\.
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ITE CuCyS. This process separates Cu. from every other metal in a
nﬂ:aﬂ solution, -

To detect very minute traces of Cu. place a zine-platinum couple (made
by twisting a fine Pt. wire around a small slip of Zn.) in the acid solution:
if much Cu, is present the Pt, wire becomes speedily covered with black
deposit of Cu.: if very minute traces only, leave the couple for several
hours, remove the Pt. wire, wash with water, and expose the wet wire to
vapors of HBr, (by heating KBr, and H,80,); thadapontun the wire
becomes deep purple in presence of Cu. i

CapMiuM. If the solution (from separation of Bis it '5 ﬁ colorless it
may contain Cadmium. Add IICL to acid reaction, and then H.S. a
BRIGHT YELLOW PREOCIPITATE, INSOLUB but soluble in hot

separated by HH;E[D is blue from presence of cm. cidify 'I:ur HCL., add
NayS30, and boil till the precipitate becomes a dark hrm (not black) and
the liquid eolorless and transparent ; filter and neutralize the filtrate with
NH,HO. and add NH,HS. The YELLOW PRECIPITATE of CdS, is proof
decisive,

If HIIEPO'J. is Iddld to a salt of U-l‘-i., then NE;’D].. and HH.HUH I-'lld the
mixture boiled, pearly white plates of CANH,PO, will form and rapidly
precipitate as the liguid cools.

Cadmium salts do not color the flame.

MerCURY. The black insoluble residue remaining after beating the
3 sulphides of this subdivision with HNO, is probably HgS. Dissolve in hot
- Cone. HOCL with addition e a small crystal of KClOy. Boil to expel

axcess of acid, filtar if necessary, and to a portion of the liquid add SnCl,,
A WHITE PRECIFITATE BECOMING BLACKISH-GRAY IN EXCESS OF SnCl, is
proof of Mercury. This gray precipitate may be guthered into a globule
by boiling with HCI. If the grayish powder does not readily unite into
globules, rub the powder on a bright copper surface, when a silvery spot
will form if Hg. is present.

Place a few drops of the uﬂuﬂwadﬁn glip of Cepper, after a few
minutes wash the Copper and rub the spot with a wet cloth ; a BRIGHT
SILVERY SPOT, volatilizable by heat, is proof of Mercury,

The action of H,S. on a Mercuric salt is characteristic ; a small amount
may form a white precipitate, but lunrmuing amounts of HyS. CHANGES
4 THE COLOR TO YELLOW, ORANGE, RED, AND FINALLY TO BLACK,

Solution of KI, precipitates Mercuric salts, AT FIRST SALMJUN COLOR,
SPEEDILY BECOMING SCARLET, The precipitate is soluble in excess of
aither the Mercuric salt or the Iodide.

In solution of a Mercuric salt NH,HO forms a white precipitate
NH, HgCl. soluble in HCL




hHﬂ short of ﬂatm'atmu pmduﬁea l‘ﬂddlﬂh broswis. basm Eﬂk g E&mmted
HgO., scluble in' 200,000 ot wa.ter K Grﬂﬂq premp;tateﬁ ﬂrang&.. Hgt?r&t, -
. goluble in FHDE - - e i
1f sy dry compéund of Mercurv ]:ia -'-'re‘:mmi m-. a mu-rtar thh Lis oW

- volume of Potassium IDdIdE.. Sodiuin: f‘arrbnﬂatﬁ mmi tan’ vﬂlumﬁ@ {?f mut--.-f
slacked 111119 and the mixiure be sﬁmnrdv haatﬂ& i :1 {lrj' tasi; iuhe ts Huh-
limate of HgI -—-yellﬂw t:-ﬂ scarlet in uuiur——wﬂl fﬂrm on ti’m WM iiﬂrrtw r:nf
the tube e e o S AR SR R TR
 If any ﬂompﬂuﬂd of Mercm}' be tr&at&ﬂ i t;ha gane way ; with 4:1:111«31021
of the Iudlde, & gray tarmsh of MHI’EIH‘_E’ wﬂ[ fnrrn i the $abe, _"’-’rk.wlh].ﬁt as

globules by magnifying. glﬂﬁﬂ atui mﬂry e umted into largﬁr glﬂbulas by -
lllhblllg Wit]l & g}dlﬂs rﬂd e T :

EEE!‘.“HL TEBTE F{'}R GGLD AND PMTINU'\I

Gold Eﬂld Plittinm:ii ﬂre ‘ingoluble in HNO R and in FICL, but soluble in a
mixture of: thﬂa& Aﬂldﬂmi&qua Regmn They are precipitated in the form
of hrﬂwmsh black sulphides: by H,S, i.goHible in alkaline sulphides—solu-
ble in Aqua Regia. Gold and Platinam ave wsually found in the metsllic
‘gtate (native) but Gold is often found in smaller guantity associated ‘with

metailtc Sulphides, If these Bulphides are roasted to burn off the Sulphur,
: the Gold. may then he dissolved by hemtmg with Aqua Regm, and the solu-

| -'_l.amn tasted for the metal,

GGLD S&Iumﬂn t}f =N ﬂaultr nf G:uldm prempﬂa*ed hjr Eulutmn ﬂf Feﬂﬂl;"_
- in the YORM OF PINELY DIVIDED METALLTC CGonp. “If the qmmtrty of Gﬂld_
~is small the precipitate may remain suspended in the water fﬂr‘ hﬂm's
_' .;':appearﬁ brown by reflected light, and blackish blue by transumitted light.
CUIF any golution of Gold be drupped on white paper and s drop of 8nCl,
dropped on the moistened spot, & rmh purple colﬂr of ﬁnely {liﬂded GQE&:E'_"
{Purp]a Elf ‘Cassiug) will APPSRES - o e
- If-any snlutmn of gold momtﬂn a pl&uﬂr ﬂf whﬂe paper {unglazed)f thig
be dried and then birned 80 23 t0 consume the. carbon of .the paper: {or-
Cburn it white) & PURPLE COLORATION will appea,r wherenn the salt of Gold
was apr_lhed This 8 the most dehcate test for Gold, and eamestz of apph-'
cation, " - |
~ The Chloride of Goid, even in dﬂ{ttﬁ Bﬂlutmﬂﬂ, staing the skin a las.tmg
-.'_--.-purple color, - L:'ai;:- - .
| An}r -::c:m[muud of Gold heated om: a c&rbﬂnized ma.tt:h in Bunsen’s ﬂama
- will -form  yellow mallegble globules of metallic Gold. Heated. wu:h
Na, GOE on charcoal will give yellow globules of gold. i
if - solution of Gold is boiled with Oxalic acid the Gﬂlfi ia sluw'ly huﬁ '_
o cc}mplately prec‘.rprta.ted in met.ailm form {dmtmetmu fmm Pl&tmum} |
. PLaTINUM, * Platinic salts are prﬂﬂll}lt&tﬂd as & TELL{]W CRYSTALLINE
-5'?{.:-5_._PREQIPITATE {naﬁaheclral cryﬁtals} by KCl = PL'C'I ,IE»KGI } Epa:migly aolubla 5
| i water ' msalubla in a.l-:uhul HH Ul fnrma 8. mmllar premp;ta.te
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Snﬂlg lnlpﬂ.rts 4n: emtensely d{:::rk bmwnwh i'ed c::::!or to P‘Iﬂhﬂiﬂ* &u!ts':

L ﬁam reduction to. PtCl.

-Any: ﬂﬂlt ﬂf Plﬂt:lﬂllm heated on charﬂnal 111 H Fl ]i"IE]dE A GRAY. I*JFUEI-.'Z_':_;-:'.':

-';.5;.? Bf..ﬁ, HﬂH—}IL&HETI{} PGWI}ER* cml;r Etﬂll}blﬁ in Nitro Erdmchlurm acid,

T:l'ﬁﬂatﬂﬂ withi a ﬁﬂrhﬂﬂl?red match in ﬂla BllIlEEl] reductmn flame the same -

g rﬂﬂult is seaured
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TABLE XL n
ANALYSIS OF GROUP III,’
. Substances whose salts are not prempitated by H S i1t presﬁn:e.ﬁf HCI |

| bt are cnmPletEly precipitated by NH,HS. in presence of NI—LCI and
NH.HOQ, as su]phzdes ar as hjrdrated oxides. .

The prempxta.te may contain:

{ﬁ?g LHE&GI{! insoiuble in dilute HCI, SR

Feb., DBlack, R

Mn$, Flesh-color. | | 1 *
ZnS., Dingy-white. - o All
Als(HO). .. Dirty white and gelatinous, r Boluble - in
Cra(HO)s, - Bluish or gr dilute I,

Phc-sphataﬁ Boraied an

d}’lah green, |
ﬂxa.!ates of Ba. Br. Ca. Mg—

- white, .
The color of the prempltate may afford vaiuahle hmta J.IIJ regard t,c; its
composition, If it 18 white it may L--:}ntam Zine and. Alumina, (Phos-
sPhates, Borates and Dxalat-ea ﬁ alkaline Pa.ri;hs], if pure ﬂeah-mlﬂr, Man.
. ganese; if hghb-ﬂﬂlﬂrad Imn, Nickel and Cobalt are all absent: but if it is
black, all the members ﬂf the Group may be present, since the strong {.'.ﬂlor .
of thﬂ bla-.ck Eulphldﬁq wﬂl mmcaal tha hght n::ulured Sulphldes a.nd
~ Hydroxides. -~ .~ s - 5 .
~ For convenience lﬁbaﬂalfﬂlﬂ, Grﬂup III 13 drﬂdad mtn twn- ﬂlﬂﬁlﬂﬂﬂ -
) ‘bBased upon the Bnluﬁlijty or insolebility of theii h}'drnndﬁﬂ m Eﬂlutmn qf :-:'-ff:-
CNHO in ‘presence of NH,HO, 13::"};
: IirFIEIDN A. Substances whose hydrawuies m'e msu!ubﬁe n solutiaﬂ ﬂf
. -NH;GI :m presenﬂe of NH . HO. I

T ‘Kl(OH)y,—Adirty white, gelatlnuua. o
- ?}L‘ﬁ:‘:’;‘i { Cr {GH},.—Ahlul{lh or prayish green.
Fﬂ-s({)lzijn ~yellow to brown,

(Phuﬁpha.tes and Oxalates of Alkaline Earths--white.) L
DI"‘E‘IEIGN B, Substances whose hydrozxides are sﬂ!fubfe in e:meas ﬂf qu— N
twn ﬂf NH{CI in presence of NH,HO., but thetr su?:phtdas m&crluble. |

(oS, black ; insoluble in diluie HC,

- ﬂiﬁﬂﬂn B, | Ni§. .
/. containg - %ﬂf T ieh color | Soluble in dilute HCL i
. DI‘FIEIQH A Bml the filtrate from which H,8. will fﬂrm no prempﬁ‘r&teﬂ';' 3
-.‘.:.::;"“.‘iﬁ' i ml'[ traﬂaa of H,8,, add a few drops of H\Tﬁa and boil for a,'yf"'.'z:
mﬂment thEn H;dﬂ NH,,GI in execess, and NH, HO, to mmpleta aatl:u:a.tmn ; _? !
::E'f.-i-.'_flf a pm:pltata fﬁrma filter and wash the. pr&clpma.te pﬂrfurata tha pmnt

gt tha ﬂ’ltiel'* &mi wash the pt'&mpltﬂ.t& into a test tube hy i Iitﬂs aﬂlutmn of

“IKHO: boil, Blter, and to the clear filérate add NH.CL m exm :md bail ;o
f"f:':.';"li IITEF}IFIE&EE ﬂ? Ala(ﬂH)s is mnuluaw& Eﬂd:EIlﬂE uf AI BEOE S




Test the pha-mpltatﬂ msmluhle in I{HD mth borax bead : an EMERALD-
GREEN BEAD TN E. E;;%Mﬂ O.FL, I8 EVIDENCE oF Cr.

Dissolve the resiﬁue mlr:nluhle in KHQO, in H{L and a,dd NHOy8: a
3 -:BLQL:-D—HFI:_- COLORATION AND NO PRECIFITATE IS EVIDENCE OF Fe,

' EPE{JI.AL GPER&TIDHS REQUEFE’ WILEN PHOSPHORIC, .:LRHF“-IE‘, AND OXALIC -
' R AQIDs ARR I‘RE!:EH

| When Phosphatvs, Arsenates, ete., ﬂf ﬁlummum Iron; Barium, Stron-
Emm Caleinm or Magsnesium are prosent they will: be premplta,ted by

NH,HO., hﬂ'ﬂﬂ,ﬂﬁe these salts are. msniuhle in an- alk&im@ ﬂmd even in the
presencs of N H,Cl - - R

Dissolve the washed precipitate in Hl'*il Oy and boil: add Hgg Nﬂa; a white
precipitate indicates an Oxalate. The Oxalates may be decomposed by
igniting on FPlatinum foil, when the bases will be left in the form of Car-
bonates. |

Add two drops of the Nitric sulution 1o 20 drops of Molybdate of Ammonia
and beal gently : an intense yellﬂw color or yellow precipitate shows pres,
ence of Phosphoric or Arsemt.. Acid. In such case add Ferric Chlﬂndﬁ amd
Bodium Aectate tD the Eﬂlutlcru, boil &nd ﬁltEr ‘while hot. Thi' preclpxtate

- will:¢ontain the Phﬂsphunc Acid, ete., In insoluble combination with the

II'{H]., Whlla the Alkalme earthy wlil anpeur in t;he flltrate in the form of

icet&tea. = e
"IroN. The Salts of Iron may exist in two states of ﬂxldatmn—}i‘ermua

- and Ferric—exbibiting very different reactions with reagenta aceording &S,
thiey are inone or other state of c-x:datmn “TPhese. aalts are rea.drljr ‘changed
"by reagents from one to the otherstate. .~ 5 .- :
The Salts of Iron are not precipitated l‘]j" Hﬁ in the presence of EGL} )
but miay be mora or less compietely pl‘Eﬂ‘lplt-—.ﬂEd when combined wﬂ:h a
* weak acid, . g., & basic Acetate, | S |
- In presence of HCL H.S. will reduce ferric salts to ferrﬂus, ﬂkymnﬁe- |
- 8., being separated. For example, FegG]ﬁJngS——*EFeGlf.rEHGHS‘ 'In like
manner NH,HS. prempltntea ferric salts as FeS., some 8. being prampitated.

. at the same time. The Irnn Salta are thus precipitated as fermuﬂ aulphides,

-jrrespective of the degrﬂe of oxidation in the original 5{}1111:1011 The orig-
ma.I condition of the aa!t Ccan Dﬂl}' bﬂ- ﬂetermmed by tesfs appﬁteﬂ! to the -
mgﬂml mmtwn. S ; o
- Ferrie. Sﬂltsf H;]'.'E pl"Eﬁlpi’l:ﬂ.l?Eﬂ a3 bruwu erdmxldaﬂ ‘bv KHOQ. and hy )
NHJID KO - -
_ With K,,Fe{ff‘yu the;r fnrm a . ‘DEEF- ELUE PREEIPITATE ]i'e;( FaCyﬂ‘js mr
Pruqsmn Blllﬂ}-«i!lﬂﬂl}lhlﬂ in Hf}l s L S
'With NH;,GyS thev gwﬁ a ELEJGD H.E]} E{JLDR. bui: m} pr&ﬂlplt&te

Wmh NHH:IB the}r fﬂrm & B!ack prampltate E.'l-f F EB
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Ferrous Salts tend. to ﬂmdme into the Ferric cﬂﬂ_ ,. ' ' __
. difficulty preservedin thEE Ferrous state, . X (AT e
‘With alkaling hj’dl‘ﬂxldtﬁ they form Farr{:rus hydrmxlde, Fe( HO};;*Whltﬂ,:"::"-.
but rapidly becoming green, then rusty- reﬁ by -oxidation, —Fe {,(DH}:;. SRS
With K, FaCy, Lhe}r form a white prempitate rapidly hEc{}mmg E:nlue, hﬁf'“" |
oxidation. - . E e
Wiith X,FeCy, a DEEP BLUE PRECIFITATE, FE{;(FBLF it lnmtuhm m HCL
With NFH,CrS Fertons Salts do not form a precipitate or red cotor.: “
Anvaslt of Iron tre&ted with Na,CO. on charcoal by R. I, rrwes. mfuslhle
megnctic grains of metallic Iromn.

'lhe distinctive characteristics of Ferric and Ferrous Salts are that with
K FEG}H, the Ferrous Salte form a deep blue precipitate—none with Ferric
Salts @ that NE;L@'B fu::-rtns a red. color with Ferri¢. Salts-—-none with
Ferrous, A

sSeparation Gf Irﬂﬂ mzd-’ Manganese. To a solution of Fa,01, and MnCl, -
add so much Tartaric Acld that no precipitate will form on adding NH,HO
in exvess @ add K, FeCry and boil, when Mo, FeCy, pmklah) will }‘.I'I'Ell‘—lpl-»_.;-
. tate and Iron remain insolution, If Saltsof Ni., Co. or Zn. are presenn |
they will be precipitated ag Ferrocyanides by the fﬂregulng freabment, |

AruMinOM." Ia the absence of Chromium compounds, the hydrn::-::lde 'Df |
) Almmnum 15 bEﬁt prempltated by boiting the neutral or E].}Zg‘htljf amd
'sulutmn W1th a:meaﬂ of: Nmﬁgﬂa when:all. tha Alamingm is- thrﬂw‘n do Wit |
- a8 M,,[HD}, in fr_irm of & gra.nula.r pnwd&r I&pl.dlj' suhsldmg, eamly Washed B
g entirely free. frcim Zl:m. | ThlE is the Eﬂ.ElEEt and heat wa,}r urf Eaparatmg
i .&luﬂlmum from all asﬂumated mﬂﬁ&lﬂ exﬁepl: Ghmmmm. ST
. “Aluminum hj?’dI'DI].dE in readliy Eﬂluhle in KHO. - Addu;mn -:hf HH.;GI m
) fexceaa and. heatmg to boiling WILI.- EAUEE PREC!IPITATE of Algtﬂﬂ}s. A
" The preseries of braanic Acids and of ‘Sande neutral cnmpuunds reta.rds ::-r
pl.evauts the. preclpltﬁﬂmn of AIg{ﬂH)ﬂ b}r alkaline raageuts e o
NHHS, premmﬁates salts of ‘AL as Alg(DH}ﬁ and HnS is Itherated

Na,00, precipitates Mg{ﬂﬁ)ﬁ anid CO; ascapes. . el
‘Ia,EEPm precipitates’ &lg{Pﬂﬂg ingoluble in Acetic Amei

1f any compound. of Alummum {exr.sept Sﬂicatﬁ) is” mtenqe!}r heatedf:_
~ before the hlﬂw-plpe mmstened with Cobalt’ solusion arid. ﬂ.gam 1gmted an .
" INFUSIBLE MAES. OF SKY-BLOE- ﬂDLD}‘: is. pm Inoed. Dcammve ﬂnlj’ w1th"ffj;
_mfusihle bodiss, - .. - o - | : | S
CHROMIUM, The Eﬂlta nf whmh Ghmrmum i3 tha base ate- prempltate&:-?‘;f
Iﬂ the: fc}rm of Cr {Hg]n-—-{ilﬂgj' violet ﬂ"’r*eau—hjf NH HS.,and. h}’«EH@Q"_’-‘f:;
::._.__ijff;&:ﬂublﬁ in- BH,GEE.H ﬂf the latter FDE?-IIHG‘ A GREEN. SGL‘U‘I*IEW, pr&mmtablﬁ hy
':":-'lﬁng hmlmg The ﬂﬂlutiﬂn ﬂf f‘hrﬂmu;—hydlnmda 111 KHB 15 Epeed;lljr--'_.:_
preci]m&ted by boiling with Na:&04 - © . -
- Ky ﬂampﬂﬁnﬁ of Uhmmmm hmled m H"i“{.}a with ﬂﬂ few graaus uf-‘_.-;

K‘Glﬂg iy soon ﬂmdlzad Eo Hqﬂrﬂ.l, a.nd the m}lﬂr of the snlﬁtlnn ﬂhﬂ.ﬂgEﬂ t‘ﬂ'



Gﬂ-

he nearl]r heutralized with NH. HO. and a few dropa of

| érrlllt;ibn ol PBINQ, added, a YELLOW PRECIFITATE PhCrO:¢ will be thrown

down. . o Lo '

If the sniutmﬂ he uearlj' neutrallzed by NH,820. and then acidified with
Acitic Acid and solution of BaCl, be added ; BaCr(,, yellow, insoluble in
Avetic Acid, will be formed and subdide after standing some tinie,

- If any compound of Cr. is completely fused with KNQ, on Pt. fuil, dis-
solved in water and neutralized with Acetic Acid, the addition of AgNQ,
will form dark red AgyCrQ,. Soluble chlorides decompose Ag,(irO,, form-
ing 2AgCh and HyCrQ,,

Chromnic- salts. give an EMERALD GREEN BEAD IN HOTH FLAMES with
borax bead. ' SR

The acids of Chrominm, in the presence of HCL, are reduced to basic
eondition by H,S. In the analysis of Chromates, the Chromium is usnally
reduced and detected as a basic substance, The salts in which Chromium
is the base are usually violet or green in color, but the salts in which it
acts a8 an acid are usually yellow or red. The great variaty of colors gives
the name Chrominm-—the color metal. |

INVISION B. Add fo the filtrate from Dam&mn A, NH;HS., whiﬂh wIH

| prmpitute ti’w remummg m&mh&r& nf Groug ITT as su@phides

" Diviston B. g‘:g z-hlﬂ.ck ingolablé in dilute HCL

contains MaS, —fledh- cnlﬂr,
ZnS.~dingy-white, } Hnluhla in dilute E[Gi

Waah the precipitate on the filter with Wa.ter, and then pc-u.r u:m 11: Gﬂld
d:lute HCL and save the ﬁltmte to test for Mn. snd. Zn A blagk - resldue3'-
on the filter reserve for testing for Co. and HL |

Dlgast the filtrate (or the clear solution if no black sulphides remain un-
diseolved) with KHO, in excess; if a white precipitate (becoming brown by
exposure to afr), presence of Mn. Filter and dissolve the precipitate in
HCL., neutealize with NHHO., and add H,S. - A FLESH-COLORED PRE-
{JIPITA.TE SHOWS Mn,

To the ﬁll:ra.te frum EHU a.dtl H,8, or a few drﬂps of N H;HS .EL
WEITISH PRECIPITATE msnmnm IN ACETIC Acm I8 ZnS. |

N HAHE}AHEEE. The . most r:hamctermtm reaction for Manganeaa is the
;l‘i?rEHATmH OF THE FLEEH—{:DLQREH MnS. by NHH3. or by Hy8 in an
;.amn:mmaml Enlutlgn. The leaai trace of Balts of Iron, Hml:el or Uﬂba.lt :

| fwélll mm:&a.l the color: bjr the fui-ma.tmn of Black Bulph:,dea :

KHO. pmmpttama Mﬂ(Hﬂ}g-Whlt& hecﬂmlng brown by ﬂIldEﬁlDﬂ- :- o
| I‘Tﬂaﬂﬂﬂ Pfﬂﬂlpltﬂ.tﬂﬁ wlnte Hnﬂﬂ., hemming: brﬂwn hj' nndatmn
- KiFeCy, precipitates pmkmh Mn,FeCy.. ‘Solublé in HCL |

If Na,HPO, and NH;HO. be added to a solution of a salt of M’n and tha-:ff |
Mmixture hmlﬂd whll;e manluhle MnNH,PO, prempltatea. A



Any compound nf Mungan&se, free ftﬂﬂl Chll:m__ Ph{}g

- and HNO,; gives a, I‘URPLE GDLGEE]J E-DLUTIEIH of 3
OH MmO, | | R i

Any compound t::f I'-Ianganeae fusad wmh EHG: aud Nﬂgm: ﬂﬂ Plﬂ.hnum
foil forms a GREEN Mass (h,) and BRULUISH: ‘UREEN fe.yof. Kzﬂﬂﬂ-n 5 "lii’erj'

delicate reaction, and but: littte. of. Manganese ghould. be: uﬂei

Any compound of Mn, fused with KHO: and Kﬂ]f{}a op: PB. fml Wlli gwa
‘& purple mags of E.;Mﬂgﬂb When thia i dmaﬂl‘a‘ed in wa.ter lt furulﬂ a.

purple solution,

© Fused with 3 bﬂralt heac‘l in Q.FlL, Mangauese gwea a vmlat Gﬂlﬂrﬂﬂ-:.'..'_-;

" bead ; best observed when only a little Mangane&e is nsed.

Zixg, The salts of Zinc are PrEﬂlpltﬂtrBd as hydroxide by NH.HG raadllj:'"

soluble in excesa. me th:s solution H43. PRECIPTTATES THE DINGY WHITE
Zn 8., insoluble in Acetic ﬂmd snluhla in HCl, S
Zine is-the cm.!y métal that forms a-white sulphide,

From neutral Eﬂd from Aeatiﬁ aﬂid Eﬂlutrmns nf Zm:;' HHS prampmates |

whitish ZnS.

NaiCO; precipitates a Whlte hasm carhﬁnﬂ.te.

From acid and alkalm& ﬂa.lts alike NH‘HB prempltabas wh1te Znﬂ cum-
' -PlBtEI}'. RENS . R

a.gH;PD.; praeipitatea whma Zn:;(PD;]g* Eu}luhla in KH{} am:l in HH;HD .

Emd in strong avids.:

E..Feﬂjrﬂ prEﬂlpltﬂtEE frﬂnl Eulutiﬂn uf Zmu Eﬂ]tﬂ wh:ta ZugFaGyE“ mﬂ f::rl-_

uhle in water and- nea.rljr mmluh!e in mld EGI

I any compound of Zine is treatad swith Eﬂ-nms oxt Gh&l'ﬂﬂﬂ.l in R.FI thia_"-;_':: |
L .,nhmal will be cummn WETH ncm:rs'm'rmﬁ "E‘EI..LDW {h _'WHITE {c.},’

' '--'-';w:thnut the formation of a mata.llm glnhula. g P

If ZnO is moisteried with: Guha-,lt sulutmn and hemd in f.:r Fl A GREEH

=_.-;'ﬂomn 18 PEGDHCEI?. O R T

Bmck Sulphzdes iﬂaniuble in dﬂute H‘G’I mExammE gome of t!:m b]a,nlr_. -

o sulphides msﬂluble in HCL with a borax bead in hlnwplpa flame., A BLUE

 BEAD IN BOTH FLAMES shows the presence '6f Cobalt :'A REDDISH BEAD IN

" . Q.FL. BEOOMING GRAY AND CLOUDED in R, Fi. shows presﬂﬂﬁe of Nickel.

; 'I'he st-mng coloring pmperty of. ana:lt thh bnmx Dlﬂj" conceal the pres—-' j':::.-

. ence-of Nickel,

- Puncture ‘the hﬂttum of the ﬂlbar w1th B glasa rod and wash the hlack,__'_:
sulphldea into a teat tabe, -Add conc, Hl‘.}l and a Emall -amount of. Eﬂlﬂla

-j_ﬁ:'_':_."‘-'-_a.nd dlEEﬂl"FE wﬂ;h aid of h&a.t filtex 1f necessary

o S’@g}mmtwn D_f Co.: u-nd N@. wfwﬂ present a3 C’hmﬁ&es —&&d NaEHPCI;
B _-m excess 10 the m:xeﬂ Ghlﬂndea, then Hﬂj_ and boil fm- & faw minutes :

mpl.tate ni-, ﬁrst thmwn dowu fs. redmaﬂlved th&n ﬂtlr vigm:uuﬂlj to prnmnte

““ehile still near boiling temperatare, add NH,HO: cantiously, till the pre-



. amﬂrdmg to the amcrunt of Ni. praﬁeut. -

Thig Niz. onn be separated as NiS. by adding NFL HS, SRS

. .NICEEL.  Salts of Nickel bave usually a fine green color, They are pre-
| mpma.ted ns NiS—black —by NiI, HS. the precipitate very sparingly solublo

in Iﬁﬁﬂﬂ tmparting « brown color to the filtrate. They are precipitated

ag bluigh® green hydroxide NiOH), by NH,HO, very soluble in excess and

forming a violet blue solutinn.

Orgenic Acids, Sugar, ete., interfers with precipitation by alkalies,

K.FeCy, precipitaies greenish-white Nngebj,fﬂ, msﬂluhle in H(CL., seluble
in NH,.HO, :

(NH ). CuQy precipitates very slowly, but &lﬂlﬂﬂt cnmplattly in M hours,
the green NiC,0..

Salts of Ni. ave precipitated by KCy, Ni(Cy)., soluble in excess of KCy.
When this solution is boiled with NafllO, a BLACE PRECIPITATE forms,
NIOH.)s. Delicate and deelsive reaction.

. KHG. 1:rrcsupltai;ea light-green. Ni(OH)}. insoluble in excess "FEI'F Eﬂlublﬁ
fn NHLHO. (In presence of aalts of ammnum, KHO., raadﬂy BeLs, frae
" NH.HO.). | - - - x
ﬁﬂgHFﬂ{ prempitates greemﬂh-whme ng{P'D,,}q, mluhle in HG! and
| 'NH O -

C{IMLT. The hydrated salts of Co. are usuaily rose culnred, the- |
anhydmua salts, blue, Ce S LR
. E{Hﬂ _precipitares blue basic salt, und 111 excesﬂ Uo{ﬂH}g, msnluhle m
. excess of KO, but soluble in NH HO:.
o NH;.,E[H ‘wrecipitates black Nis. m.ﬂuluhla in dﬂute HGI hut reﬁdilg
<+ soluble in gqua regia.

Na.HPO, precipitatos rose colored CoEHPO;, soluble in NHHO, au{l it
tiCl.

From concentrated solutions (‘iHua{JaUe; precipitates pinkish CoC,y0;,
soluble in NH,HO, and in acids. )

.. K FeCy, precipitates greenish Co,FeCy msnkuhla in HL, To BG{N'E}::)#-

_'_&dd Tartaric Acid, then NI HO. in excess, thul a fow drﬂpa GE KaFEUF o

aff"_'._:ﬁ'--’_'_"_& Adgap 1“13{1 color will appear., . - | | |
 wBead of Borax: with any cumpaund of Uﬂ.‘ba‘t. GIVES A BLUI: BEAD IN

Ecmﬁ mmwm me-'as 'This iy the muat chnraﬂherlahﬂ teat of Co. anﬁ =

o most E&&:ﬁ}r mplaliﬂm If much Co.is uaad the ¢olor is best seen by timwmg}_
L the bead ﬂ‘ﬂt inﬁﬂt A t}hread o, 53 | T



Substances not precipitated by NHJ—I& but Eumpietelf prempttated by
{NEH:,CQ; in the preaente r.}E NH CI

| Boil ihe filtrate from NH,HS. to decompose. that saif anﬂ to 'ﬁhE'{ﬂ.é;n“'
~golation add NE.CL NH.HO, and hNH;,].;,L,E}g t0 cmuplerra premp;ta.tmn nf
the membars of Group V.
The precipatate _ma}?__e_:mlimu :
BaCOy, ... - - -
BrCOs, » White, soluble with effervescence in Acetic Acid,
LELGGH :

‘Wash the preci pluate and digsolve in Acetic Acid.. |
Te & small portion of this solution 4dd. a few drops. of KiCr.Os; if a
YELLOW I'RECIPITATE FORMS it shows the presence of Bavium, In sueh
_cage filter off BaCrO,. and divide the filtrate into two parts: to one add it
) own volume of solution of CaS0,, and shake the mixture thﬂmughly and

'repenttedly to prﬂmﬂte prempmtmn . s

.. If mo. pl'ﬂ-t.‘:l[}lﬁﬂ.te fﬂl“ﬂlﬁ sat ‘the tube asuie fc:-r nan mmutﬁ-ﬁ. A WEI'IE I?RE
:.::'ﬂlPITATE E.lmws preaence Df btmntmm If ;m prettpﬂatw fﬂl‘l?ﬂE atz thE and' :
le ten minutes, ._-*quE'*mE OF ET‘RUWTILE Do T T LRI T T
G 1f. Swrontium is absent, aid to the other pnrtmn ﬂf tha snlutmn__. |
o '._'::'(hH ﬂ}ﬂLﬂGi- A WHITE PRECIPITATE msﬂluhle in Acetic acid bit: sﬂluhlﬂ in,

L HCL shows presenu_, of Lalmuni “Bqt if %tmuhum ir yreacnt. Tirst: &dﬂ-" |

Ku"ﬁﬂ; to tha other pa.rt nf $he- ﬁll«r&tﬂ, bnﬂ tor. 4 ﬁaw :m:mutes ﬁEt&r and .
- ladd (NI CiO4, 1o the clear filtrate; ii preupma,te nowW fﬂl‘lﬂ{a, Calcium
" . ia presemt; if no prempxtata Calcium is absent. - .
" BaptuM, From Selis of Barfum H:80; and solubla: Eulpha.tes mnmr_ -
DOWN A WHIVE, HESVY PRECIPITATE INSOLUBLE IN WATERAND IN H Gl
) :Ea;bi.u. | | - . |
 From Ba(l;%:0;), selation of K. er-ijh HIE:GH}ItEttEE BaD‘rD4. TELLOW
GATT TNSOLUBLE 1N HCH 00 - S e
~ HaFg, prempzta,tes BaliF,. ag & WHITE mr,fbmm-m PRECIFITATE (dis- -

L {_;t:nﬂtmn from Strontinin and Cailciun).

Bﬂlutmn of Lra.BE} pLE—: initutes the salts of Barmum iﬂsfﬂﬂﬂy‘—ﬁf Strfm—'

] tium only rlﬁer an terval—and of Céileinm nof atall.

Eai?lg QOLORS. THE G487 RadiE, YELLOW GREEN, o S
STR:::WTIUH Concentrated anlutmn of n, EELHJ of %brﬂﬂﬁﬂm 1:5 pi'ﬂﬂlph{ii'@ﬁﬂ .

"br HaS{h, hr.ﬂ,;n—whlta—mm]uble in 3 Gﬂ{} parts of water Eﬂlutlﬂﬁ of -

2'?*5:{1%1&{}4 a}ers A TA.RIHT PHEEIPITLTE mﬁh ﬁalta of E«txﬂﬂhﬂm.

- T.Tsﬂ the BI‘IE{}LHJELI}FE T di&tmgmﬂh thesa er&ml culﬂre& ﬁ&EEﬂ# C e



VIEWED. THHGU‘&H'ELUE GLAEE THR COLOR IS ROSE-KED.*

H ;8iF: does not prempitﬂ.w 8r.—~K.,Cra0r does not precipitate Sr.  These

two tests distinguish Ba. from 8r. and Ca.

- CaLciom. In concentrated solutions of salts of (}almum, H.80, and
alkuline Sulphates precipitate CaS0,. soluble in 400 parts of water, Solu-
'~ tion of CaB0, of -course will give no precipitate with salts of Calcium.

Tn absence of salts of Barium and Strontium, the most delicate test for
salts of Caleinm is (NH)3C 0,4, which throws down A WHITE PRECIPITATE,
INSOLUBLE IN ACRKTIU BUT 8CLUBLE IN HYDROCHLORIC A®ID. This Oxalate
of Calcium requires 200,000 parts of watar to dissolve it. |

Nitrate and Chloride of Caleinm COLOR THE 648 FLAME ORANGE-RED *
—often mistaken for the crimson color of Strontimim, but when viewed
through blue glass t-hﬂ clnr is faint green—p:ray

e ek« e — e e - - —_

#{Jse the Epﬂctmaﬂﬂpe to ﬁlat.[nguish theaﬁ rsavﬁml f-.nlnred ﬂ.u.m.u:a

- :%?f.-:-. i



TABLE XI1I.
ANALYSIS OF GROUP V.

| SHhEtEECE§_HUt Pracipitated by G_fﬂup Reagents, - |

This g!‘ﬂﬁp inclides

ﬂmmnmum.
Magnesium.

- Ihvide the filirate frum which ("‘EH 1500y will not produce a precipitate,
into two parts to one add Na,dPO, and shake thoroughly., If no pre-
cipitate forms, rub the inside of the test tube w ith a glass rod and set aside
the test tube for a few hours. A WHITE CRYSTALLINE PRECIPITATE SHOWS
THY PRESENCE OF MAGNESIUM. In very dilute solutions the precipitate

forms only after the lapse of several hours,
| Evaporate the other part of the filtrate to dryness and heat red hot on
. P]atmum foil to t—:-xpﬂl all salts of Ammoniom. I a solil residue, diszolve
ing f&w drnpﬂ -:nf wauer mmsteua ﬂiean Piatmum wrrl:' in thm solution and.
PGTASSI‘EFM A IEHlLL.IAET "nr,,Lmv E{}DIUM Use the EpEﬂtI’ﬂ cﬂpe t{} ﬂlﬂ-"..
¥ tmgl.uah these coloved flames. - -
MaoNESIUM. The salts of Magnesium do not color the flame, S
~ The WHITE CRYSTALLINE PRECIPITATE formed by Na,HFPO,. in preaanceﬁ:ﬂ
; 'uf ‘i’ 401 &nd NH,HO. i umst characteﬁbmﬁ {rt' M&gneamm o
" The Sulphate- of Mague:amm is. very Emluhle m water, whmh dlﬂ m'zu-ishe__sf_'--

'ﬂ:uﬂ metal from thore of the Alkaline Eart,ha S
If any compound of Ma gnesitm be Leated tDI'EdDEaE ﬂn Ehﬂ.l'l: Jal tlen
" moistened with solution of Cobalt, and again heated, at first gently, and
then intensely in O.Fl, 4 PINKISH MASS 1S OBTAINED. Alkalies and Aika_.-'
line Earihs prevent this reaction. |

KHQ, precipita’es Magnesium hydroxide, Mg(HO, from salLs c:f I‘.Iag-
. nesium. NH,CL prevents this reaction. -
. Alkaline Carbonates precipitate basic Carb Jn&tes in ﬂhﬁﬂlfjﬂ {}f NH ..Cl |
. PorassioM, The most characteristic test of Putasﬂ:um is the vioLgr-

"G{}LEIREI} FLAME—best; seen with the Gh‘nnie If Bodmm iE present thEr_
-+ intense culﬂr of ‘this }rallt}w ﬂame nbscures the feebler co: m: HE tha Potas.
H{':;-'-smm flame, but. by the use’ of - the bliie Cobalt glass the. y&llnw Tays are.
- intercepted, and then the c:haractertatm m:-lnr mf tha Putasslum ﬂﬂme can
be nbanrve 4. I - S S |
a9
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A WHITE® '-ALI.J;HL PREGIPITATE-——I{HL JEI Uﬁ. Ammc-umm forms a
similar salt. PtCl, added to KCL forms a A YELLOW CRYSTALLINE PRE-
CIPITATE KK, PtCle. The crystals under the microscope are seen to be eciro-
hedrong, ar 8 faced crystals,

To seeure this reaction place a drop of the condensed solusdon on a glass
alide, acidify with a drop of Conc. HCL, add a drop of PtCl., and stir tha
mixture wilh s glass rod, rubbing the glass surface to make lines, The
K,PtCls will form in erystals along thege lines if ¥, is present. Inscluble
in alcohol, | |
- Ammonia forms a shnilar precipitate with Platinic Chloride.

The tests by precipitation for Potassium, therefore, are deeisive only
after all the compounds of Ammonium have been expelled by heating the
regidue red hot,

SopitK., There is no satisfactory precipitant for salis of Sodium.  The
PRILLIANT YELLOW TLAME REACTION 1s most satisfactory, and ia relied on
for the detection of the compounds of Sodivim.

AMMORIUN. The Salts of Ammonium havicg been freely used as
reagents in the separation of the Groups, and the salts thus E!:I:tplﬂ}'&l]. a kb
appearing in the successive filtrates, their presence in the final filirate is
no proof that they existed in the original solution, For these reasons the
original golution must be tested for this subtstance. |

Any salt of Ammoniam boiled with KXHO wiILL GIVE. OFF GASEQUS .
AMMON 14, NHs. readdly recognized by 1ts addor, by its alkmlma -:r.ef*tmn ot red
litiinus paper, and by fﬂrmmg while fumea when a *rnr}, mmsfenaﬁi wzth
Cone. H (1., 45 held near the escaping gus. . |

If any salt of Ammoninm (in the absence of Sulphldes and Gjramdes) ba"
added to Nessler’s Test,* A4 BROWN PRECIPITATE, NHg,Cl,, will form, or if
the qu&ntii:}f ig very smmall, 2 brown coloration in the liguid, Very sensitive
lest. . T PR

Lf NH;IID or {NH 200, is added tn golution of Hglll,. ““WHITE PRECIEI-
TATE of NH HgC). will form {Bohlig's Teat). This test iz extremely deli-
cate, and will often serve to detect the presence of Amrm::ma in 1'3.111 water
and other nalural waters,

If Ammoninm is in too soall amount to be detected by these tests, it
may vet be fourd by distilling the: water with KHO. and testing tha
distillate, | |
Nessler's Test is prepm ed as [ullows : DR

To a solution.of HgC‘h. add solution of KE. til] the searlet prempxta,te—_'____
He¥, —ut first fc}rmed is mearly all redlbsﬂlved then add KHO: let the -

—_ e ——

+ Ag the preparation of thiﬂ test requires care aud time, the ETI‘-liiFnt. wm nut. prﬁpa.:r{a}-_ :
it for himself, but will ind 1t ready for use amony the splect reagenta. ﬂn!sr & few:
drops are necezeary o test for A.mmt}nium, and excess ¢ the reagent wﬂl m:-t; Dl'ﬂﬂtmﬂ
better resulis. : .



b

mixture stand till all se: diment gubsides, then pour nﬂ’r.-_m i
Neseler's Test, | o F"“%E;% T

In using the Nesster Test, the original solution, or the malerl.al £0 whr-:h' L
no ammonia compound has been added as reagent, must be El’llplﬂj'ed |
Since the Test iz very strongly altkaline the amdent must e on lus guard
against precipitation of colored oxides such as Fe (OH), It is a. gmd '
praclice to add a few drops of KITO. ;md then apply the Nes&tlar Teat ta
the ciear liguid to detect ammaonia.
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TABLE XIV.-SOLUBILITIES

A=-soluble in water; a=-sparingly soluble in -wé.t'er; B-inscluble in
cipitated by a large quantity of water, precipitation prevented by
by acids; C==insoluble in water and acids; BC==sgluble in part, but

- —

: - ;

SALTA, AQIDE. Q%EEEE%E:%%%‘;%%

| sl LR A R B R Bl el Bl el i el B

_g[_jegrl*&te i mman Hll:lﬂ‘.'l- :‘Lw A : AR .ﬂ. i3 [ B _E B ?Ij E .H_
wulphide. ... Hg“ talalala A -x B 'R R _-_EIE:_}"{"
“l:q:‘hh}i'ide___‘: ..... Hi_ﬂl o ! A :- r";. ;_;;._: A .‘_:‘-L- A A :';;"'I“::“ _,;L-?_-:l.--ﬂ:
Toddden oo R alajaia alalalaialalajala
Bromide. .. BBr. A lAlAlA|A|A|A A lalA Al Ala
R BN A ST T .
ﬁl;"l&rt'nﬂs'anid.e_._: —‘H,;FHE}E | | Ala A ‘a AjAalA | BB L—_L- B C
Ferrioyanide....| HyFeCy, | A | A | A& . AFa | lele|aic|o
_ie;iuc&ﬂd'e__ ...... .| HE. é A AlAlB E _EE ;_i-':-':” BB "-___:_m_m B|a
Silleate....... ...} HySi0,. § aa| . |Belse H'Li_{?_ B{B|B BAB ..
Fluo Silioate. .| HeSiFy | a tallola aH Al 5131_’_ ‘B
.-_gu_lphmge_.:j:j H 80, | Al A | A I U_- C HU ._'A. JJA_.-_'-L A:H:- _:': ,!L_
Sl phite o oo Hs“‘ﬂa A A_ A!H a,Eiﬂ,ﬁ af ; a | A | A "; mgm
Nieate ... | HX0, |a|AlAalalaiAlaja|alalalala
Chlorate..... ... | HC10,. | A [ AlA 5: Al ala aAlala A Ala

| Phosphate. ...... H.00, |A|A|A|B.B|B|B|BIB|B|BB|E
Arsenite... ... H,As0, | A :g'a | u B|lBl.. |B|B|B BB
'Arﬂeniata,_.,,____ Hsh;E,_WF ::'LH : A ; 3 b E': ”[-,TI B |B|B|R BB
Chromate.. ......| BCr0,. | A | A Eﬂ'_ﬁ“_? nfn|a | fal alalB
e ot P FUPS DS T e e s DY DR DRy e
| Tartrate ... ... Hy O, H, O, A AI:; AlB | H H_ , A Al i; ___ ;E “_E-_ :
Oxulito oo on| HTyOp A "AA|B|B!B | & B lal|B B _I-_E B
Carbonate... ....| H;COy Alara BB ],_P.'_--__ B '_'.:_*J 'E:_"' Bil E



OF NORMAL SALTS,
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water—soluble in acids; AR==goluble in small amount of water, but pre-

presence of free acid; aB-==sparingly soluble in water — sulubﬂ;t},r mcreased
‘not completely by acids.

313 |%|%

| 35|

o I I
B: B
B

| e w| @] Zo0.

i
|

—————

[lydrate. ______..

'-iulpluhﬂ_ .

Chior 1dﬁ.ﬂ_:j.h_ HC o
todide......._| HY,
E;t}m:de _— HET,
_\.;EIJHIE' .......... HOy )

e |

:
,
|

B

miw|wle]| ]|

a R
B B
& aa

=] aemas,

Ferrocyanide __.

B -

! | | (O - - H,Fely,

B|B|a|C | ol LT ie_r;f.?y_anme'-___ B,FeCy,
oo e lusal s afa x| T[a]a | Feode | mE
0 0 3 O s ot e oy ¢
aia Al aialB e a | o Flue sitieate.... | 1w,
Cajajalofa e alal a0 A sulehate H,50,
B la{aB| B |a|.. | Al A B :TT ‘*ulpluta ......... I—F.EI.'--H"_I\E
Alalala I,:“I AB A | E_Ea,_ﬂ ‘A |aB A. Nitrate.... .. HNO,.
A &, ;I? E A;A Al A ..A.. A [lel-{:-rﬂ,ta _____ Hdma
.H 3B R|IB | B HB By .la|B Fh(;;phtltu,..-.-h _i'ISF'DJ
Y Y R Y B T ey
_H" - E_ B _H ” .ﬁ,_? B ) .| B| B Arﬁeniu:;___-l__ I-T:;.‘-Emlj'4
ththth ] B H B . - | B Ghl‘“mﬂtﬂu H,Cr0,

S Acetate..... ... ) i ol 404
- - A 'fﬂ[_"t-I‘H.t-E'--.. cm—mam I‘TE !-"H'Uﬁ
.| B | A | Oxalate__.___.._

u

-mema

Borate. ,._,'_.

Carbonate, ..... !
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ANALYSIS OF ACIDS.

After the bases have been identified, the next step i analysis is to iden-
tify the acids, In this investigation great assistance may be derived in
vegard to the probable presence or absence of many of the acids by con-
sulting 'Catle XTV of Solubilities. For example, if we have found Barium
in a soluble compound, or a compound soluble in HCL, there is no need of
seeking for H,80., because Ba30, 14 insoluble in water and acids, In a
solution of Silver there is no use of seeking for MCl, HBr, HI, H.S,
H, IFoCy,, or HiFeCy,, becanse the Silver salts with these Acids are all
irsolable, On the other hand, the Nitrate and Acatate of Silver are solu-
ble, and Silver may {(herefore b preaent in the form of Nitrate or Acetate.

Agnin, if a lime salt is but sparingly solubile in watber, and ita Hquhilitjr
sensibly increased by IHCL {he Table shows this 8 characteristic of the
Sulphate, |

The Acid combinationg of Araenic, Autirmony, Manganese and Chromium.
will have been detected in the examination for bhases; the acid combinations
of these metals will not, on this account, be fuily treated in speaking of
the Aualysis of Acids,

PRELIMINARY EXAMINATION OF THE SOLID SUBSTANCE
FOR ACIDS.

Successive Steps in Preliminary Examination,

1st. Heat somé of the dry substance red hot on Platinum foil : Charsand
forms combustible vapors, organic substance. The grganic acids preseut
may be Acetic, Tartaric, Citrie, ote., Hydroferrocyanic, Hydroferricyanic,
(and Cyanides of heavy metals),

21. Place soma-of the substance on charcoal and heat in O.F]: | |
Deflagration ehsues; presence of Chlorates, Chromates, Manganates
Nitrates, or Permanganates. Should this reaction (deflagration) take place, -
the treatment under 4tb step musé bo onitted to avoid explosions likel _‘_i’ tul'.
occur with ohlorates, o '
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34. Piace some of the substance in a test tabe, nverﬂe}w it wath twico
its volum » of dilute H,S50,, and if no change ensue, heat tn h::ul ng,

 Carbonie. —-—Eﬂﬂ—ﬂdnrleﬂa—turns lime water turbid,
forming CalCls,
Eulphurﬂus.—ﬂm-—-ﬂdﬂr of burning sulphur, bieachr—:ﬂ
litmus paper,

Effervescence 4 qo. | Odor of burning salphur and
iihe_rating, Hyposulphurous, ax & {  rotten eges, bieaches litus
) H,8 paper; Sulphurseparatesin
aofition, E‘}.‘t s CE
H}"ill‘ﬂﬁulphuﬂﬂ ~ 145, —Odor of retten Bggs.; Bla{:keug
lead paper,

" No u.hange ta,];mg placa i in the cold, the fube is heated to boiling and any
volatile acid expelled,

[ Hydrocyanic.—Detected by characteristic odor of,a
l bruised peach leaf,

Acatie.—TDetected by odor of vinegar.
These acids | .1 Detected by white fumes, formed
may be, Eﬂgifﬂhlmm‘ | by holding glass rod moeistened
Hedriodie L with NH,HO at the month of the
t Hﬁ:druhrniﬂm | tube. {"‘ht firar tnnfum‘%traﬂglv
{2 * | " the Last two slightly. )

41;]:1 Tha ﬂmﬂlj‘ ]:--::nwderaﬁ substance is mixed with haif its volume of
._Mnﬂﬂ placed in & tea!; tuhﬂ ﬂverﬂnwed Wl.th Cone. Hg'E:D.i and heatad to
s temperature less than the boiling p‘:ﬂﬂh of the Sulphurm ﬂ.md
.H?drl}-brﬂl:ﬂlﬂ browo ?apﬂr of Bmmme |
:.'.E'.ydrmjlm violet vapor of Iodine, .
- Hydrochloric ; yellow green gas, Chlorine, This gas pr:aureﬂ 1n'.:n auﬂthar- |
tube containing Wﬂtﬁl‘, agitated —a. drop of Agl‘ﬂﬂa pra:--'_
duves curdy white prempmate Agﬂl —~bleaﬂhes suiutmnf )
of Indigo. | | -
= H}rp:}chlcrmua yellowish gas,C1;0; bleaches Indigo solution. -
. Hydrofluoric : white fumes; Ebﬂhaa glass ; does not prempltate .elg"*TDm o

Nitrous. } Qranze-red fumes evolved,

| Oxalic : GD].{]I‘].EEE gas escapes {(C0s) with eﬁ#rvesuance._ Teat wmh limrr -
Wutv?r. ' |

... If, in this prehmma.r? ex: umination, evidence id t}btamed of the presency -

of certain acids, the gpetial tests for thesc acids (given in the EHGGEEﬂng:':.
.;.j':pageq] may b2 at ohce applied, without resorting to the use of Group-"

i.ii.'--;f_-.;ReagentE for the El&ESlﬁbﬂ.l}lﬂﬂ of acids. Bufin the absence of Bny Eunhf_:
ﬂpeaclﬂ.l mdlmtmua, the Gruup Reafrani:-ﬂ must. be em. r}lojrad fnr the Eep'ﬂ'ﬂ“ .
tmn aml 1dent1ﬁaatmn -:::E the amda. | B
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SEPARATION AND CLASSIFICATION OF ACIDS.

The sabstatce for analysis being in solution (thus preventing the use of
the preliminary examination for aciday, or the preliminary examination
fatling to show any indicacions of the acids present, the analysis for acids
i comumancad by a separation into gronps, in a manner similar to tho
separation of basea. .

In the analysis of the buases, cerfain acids and salts have heen used as
Group Reagents, and their presence in the final filtrate froa the fifth group
of bases would be no proof that they existed in the original substance or
solation.  In the analysis of aeids, thercfore, fhe original substanee must
e employed, It is also apparent that where HCH HNO,, ete., have been
used to dirsolva the sabstance for anatysig, their presence must bs borne in
mind in testing for the acids,

The acids cannot be separated into groups with the precision with which
we separate bases; yet the detection and identification of acids are greatly
facilitated by proper grouping, The presence of bises of tho L, IL, 11,
and 1V: Groups may interfero with the reactions of the Acid Group
Reagents, It i3 often desirable to aeparate thess bases before making
analysis of - the acids, espectally if several acids are preaent. Thase bases
may b separated by boiling the solution wish Ng.OOs in excess, filtering
off the meparated bases, and adding to the filtrate just enough HNOQ, to
malte it neutral, and boiling the solution to expsl €Oy the amds will :,hen
ba present in the form of Salts of Sodiwm,

It must be borne in mind thuat by this method of treatment G(h hag’ h-eerl'
removed and HNO; has been added. The original subgtance,. the:ei'ure,_
tuust be tested for the presence of these umdﬂ and nm'. the solutions pre-

. pﬂ.red a8 indicated in the preceding paragmph

CLASBIFICATION OF ACIDS.

In the analysis of Acida we employ Group-Reagenfs {as wish bﬂseé) to
classify them, and Special Reagenis to identify the individual acids, The
Group-Reagents are BaCl,, CalCl,, AgNQ,, and Fe,Cl,,

. GROUP A. | | n
| - Add to the neutral Solution BaCl, to complete precipitation : if - no pre-

Wk

| ":mplta.l:e forms, ail the following acids are abzent: if-a FtEﬂlpltatE tDI'ﬂJ;El .

any of thée following acids may ba present
Preqtp‘lta;ta. -

[T
T R

{ Chromate of Bariom vellow
hbﬂrbﬂnata “ 4 —white

Soluble in HOL.

|
LPhosphate < S s
] Sulphite o
| gxtﬂ'lﬁtﬂ of Bar :11; ] |
mphate o0 anum—-w ite . - \
b, -1 Flunﬁﬂmate“ it } Insoluble ia HCI,
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In the absence of salts of Alﬂmnnmm the nrﬁmpitate Iﬂa}’ ba

Argenate ]

gg;gﬁm L of Barium-—white. Soluble in HCl,
S |

Tartrate |
If a precipitate forms, add HCL I it does not all dissolve, filier, The
insoluble precipitate shows the p*‘e-%EnLE of Bulphuric or Fiuﬂmlmm acid.
Add to the filtrate NH,HO to alkalinity, il a precipitate forms, any or ail
the acids in subdivision a. may be present. - Should the precipitate when
treated with HNOQ,, effervesce, the escaping gas odoriess, the presence of
Carbon’c acid would be indicated.

GROUP B.

:- Add to the original {neutral)solution CaCls to complete precipitation.
White precipilate, shows presence of

" Sulphate |
Sulphite
Carbonate | o
a.+< Phosphate > Insoluble in MH,CL
| Oxalate -
Fluoride
| Bilicate  }

- h, { Borate i— Soluble in NH i,

Tartrate

If s precipitate forms add NH 4Gl if it does not :-1,11 dlasulre, ﬁlter a.nd
add to insoluble residue (a.) Acetm a.md |

Dissolved. : tfnd‘!ﬂﬂﬂh‘ed |
... Uarbonate eﬂerveacenee) Sulphate}
. Phosphat e( " Oxalate Whlt& and Pulverulent.
... Bulphite. - Fluoride, gelatinous.
' #
GROUF C.

 Add to the original solution AgNQ;.
~ If no precipitate forms, all the following salts are absent; if prEﬂipitate
forms, the color xay gwe g useful hint: '

" Bromide.
Chloride.
Cyanide,

- _ ‘% srbonate.

" Precipitate WHITE: 4/ Eu}tldjph&nyanlde

5 -

e s -A eid Dorates. |
e Y 2 Todide fyeilowish white). . .
“ Fermcjramde (yellnwmh white), . B w
: Phosphate;”
Araenite.

{Chrumata. o A,

i Prempltate YELLGW

* '.:-

Arasenate o
Ferncya,mde_-bmwn L e

:.lfrecipii.;ate RED
:.s,_fmﬁpitﬂmmgm: § Sulphide.

¢ Snl phll;e (dirty hrnwn]
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Neutral Borates, brown; blackens on heating.
If the prﬁﬁi}iit&t& is white or yeliowislh white, boil it with dilute BNO,,
A residae will show the presenca of a Chionide, Bromide, Todide, Cyanide
or Sulphocyanide, Allow tho residue to subside, pour off the HNG,. anil
add N, HO. to the residue, The Chloride and Cyaaide wiil dissolve
readily;. the Browaide, Sulpbocyantde and Ferrocyanide will dissolve with
difficulty; and the Iodide almost entirely insoluble, '
if the precipitate is yellowish white, and changed to brown by boiling in
HN0Q;, the brown salt soluble in NHLHQ,, a Ferrocyanide 13 present
?(c}mngdd to Ferrvicyanide by boiling with HNOq).

GROUP D.

Adid 1o the original salution Fe,Cly.
Preuplt&t«v deap blue, Ferrocyantde.
w. Pracipitate yellowish white, insolublz in Acetic Acid, Phoapliate.
:L.f; Brown colorat oq, no precipitate, Fervicyanide,
. Blood-red ¢ :loration nou changed by HOL, bleached at once hj?' H.g[}]g -
Sulphﬂcyamde L
‘Blood-red coloration, dmappearmg mpldl} on addition of HDI and bmb
1ng-—Snlphltf' ' -
BI‘UW]?.Hh red co'or, quickly dﬂatrm*ed b jf HCI., Acstate,

|'ﬂ-_.'

lt wiﬂ be ﬂhaérved that many acuis appear in the prempltates ﬂf I:Wﬂ or:
more’ grﬂupa, and it would at first seem to be impossible to ﬁﬁpﬂrat& oub v
 and recognize the wvarious acids under these circumstances. But if the”

" analyst will eare{ully compare the precipitates obtained by the four opera-
| tions under Groups A, B, C and D, he will, at the end of such cumparatw&
“study, have a reasonable clue by which he may proceed to apply Ep&maﬁ
Reagenta for tha various precipitable Acids, .

Consult alsy Table XTIV, under the headings BaD , CaQ., FegaOi.. aud=
Agxa),, for useful hints 111 regard to acids probably present.
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SPECIAL REACTIONS WITH THE ACIDS PRECIPITATED
By Ba(l, and by CaCl,.

GROUPS A. AND B. OF AQIDS.

ARSENIOUS AND ARSENIO: These acids are separated and identified in
anaiysis of the bages, . :
ARSENIOUS ACID, H;AsO;: Precipitates Ca(OH). as white Cas{AsQ:),, "
'-;ulun] vin NH,CL and in HCL Precipitates gellow ArgAs(),, goluble
in NHLHO. and in HNO, This precipitate is best secared by using
* Amm snin-Nitrate of Bilver, *Precipitates fromm Ammonio-Sulphate
of Copper green, Cul AsQ,. “Scheele’s Green,Y—Soluble in NH,H O,

and in HNO,. | |
AR3ENIC ACID, H; As(l ¢ Precipitates brick-red Agy AsQ, from Ammonio-
Nitrate of Bilver. Soluble in NEHO, and in HNG,, Precipitates
greenish-blue, CaHlAsO, from the Ammonio-Sulphate of Copper.
Soluble in NH,HO, and in HNO,. Forms a yellow precipilate with
excess of Molyb late of Ammonia dissolved in HXO,, TInsoluble in
HNOs; soluble in NH,[10, |
Bomric: If HCL is added to a Borate and Turmeric paper ba moistened -

with this solution, THE PAPER DH DRYING 18- E-;mh]:n REG‘WHIEI—I-

rED. If conc. H.80, is added to a Borate, alcchol pnured on l;l:us in
a watch glass and the mikture ignited, the flame is tinged. yellﬂ_wg_s]l
green.  Addition of CaF,. so as to form the volatHe BFg, will™
increase thy intensity of color of flame, Mix-a Borate with. CalF, .
and moisten with conc. H;$0: On a loop of Pt. wire place a little -
of this in colorless gas flame and lock for green Rame. Acid Boraies -
form a whife precipitate of Ag,BO, with AgNQOs. ‘Neuntral Borates ..
form brown oxide of Silver, becoming black on boiling. .
GHR«DMIG Acip, H,CrO,;: Chromic acid is often reduced to an oxide and
separated as a base in analyeis, because reducing agents, e. ., H,S.
and NH,HS. reduce Chromic acid to Chromic-oxide. The normai
Chromates are yellow, and the acid Chromates are red. The Bichro-
- matf., of Potassium in the solid form has the'composition KaUraGs.
or KiCr0,1Cr0,. In the solution it may be considered as combining
with H,0 and forming KHCrO;. Thus KulriOrtHa0=2KHCrO4
The reactions are most earﬂi}r wrltten out with this formula for acid -
Chmmﬂtes. _ L:hrnmatﬁs prﬂmplta.te yeﬁﬂw Phﬂr[h fmm Iead Ealta* |

s

- *Ammﬂnm-?utra.tﬂ of Bilver isprepared by precipii;a.tin;r Ag“%'ﬂ, lrs' a little NH Hﬂ. o
and continmousiy adding NH, HO. tili the precipitate of Ag 0. nearly dissolves. Ther

. golation 1s the reagent desired, The Amm-:mm—Sulph&ta ﬂf bDIl]}ﬁl' is pmpamd in the
EEIIIE way with Cus0,, e .
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The prerquta,tmn ig promoted by HNO;. With Hg,(X0:)s Chromates
pn,mpttate dark red Hg,CrO, K,Ur,0, precipitates Ball, ar yellow
Ba(rQ, 1f any Chromate is boiled with cone. HC) and Alcohol,

Cry(¥s will be formed, coloring the solution intenss green. Any
Chiomate heated with cone. H,80, and NaCl. in a test tube evolves
red #apﬁr of Chromyl Chloride, CrQ,Ci,.

OarBONIC, HsCO,: Carbonates are decomposed by dilute HOCL the decon-
posit’ on attended by a BRISK EFFERVESCESCE 0f CUy, colorless and
odlorless. When this gas 13 pﬂured into a clean test tube, a little
Lime water added and shaken np, a white precipitate forms,
CaC;- Solutious of Carbonates precipitate CaCl; forming
CaCOy,, reu,{iily coluble in dilute HCL, with «fferveecence.

HyproFLuonic, HF.: The most characteristic reaction of this acld is its
power Lo etch glacs. 1 a finely powdered Fluoride is made into a
paste with cone, H,830:in a lead cruciile, the crucible covered with
a. piece of glass coated with beeswax, in which lines have been
traced with a sharp point of wood, laying bare portions of the glass
gurface, and the crucible gently warmed for an hour, upon remov-
ing the wax by scraping and washing with turpentine, the expoecd
lines will he found ETCHED INTO THE GLASS. If the quauntjr of
Flooride was small the etching may be invisible, but will appear by
breathing on the glass, If a powdered Flurride mixed with pow-
dered Silica be placed in a dry test tube, overflowed with cone.
H,S0, and gently heated, deose white fumes of H}'drc}ﬂumll[c acid
will escape into the air.

ﬂlﬂLIU Acm, H,C,04.: Premplta.tea Cal,. as white Ga.{} .04, insoluble in
Acetic Acid, soluble in HCL Precipitates AgNOQOi. as white |
Ag.Cy0y., ingolable in dilnie BNQ, , soluble in NHHQ, The drjr
salt explodes when heated, Ag,C.0,—2Ag+200,. Heated with
MnQ), and dilute I1,50,., a brisk effervezcence from escape of CO.,
Oxnlutes of the alkalies and alkaline earths are converted into car-
honates on ignitionr, ‘ '

PHDEPHGR[{‘ AcID, H,PO,,: Precipitates yellow A gaPO,. (distinction from
H,A504., brick-red). Precipitates Cas{PQ4s , soluble in Acetic Acid
when freshly precipitated. Precipitates Mg. in preseice of

- NH,.CI+NH.HO, as MgNH PC., a white crystalline precipitate ;
i very dilute solutions, ouly after a time, pmmuted by ahaking a:nd-" .
stirring. ¥e.Cly, added to an alkaline Phosphate forms yeﬂmmsh—."} -

white Aacculent. premp:ltate Feo (PO, insoluble in Acetic Acid. A.'-fi'_'
few drops of dilute solution of Phosphate in HNC., added to Qﬂ__-_'- '

drops of (NH ;"EMGEL in excess of HNQ,, will form anin tenss vﬁilﬂw"-

precipitate of Phospho-Molybdate of Ammonia, insolable in HNC3:, &

soluble in NH,HO. “The solution of Phosphate must nni} e tﬂﬂ*-?-
Et_mng, as the yellow precipitate is soluble in excess. |
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qILIf“IG, H,%0;.: Oaly the elkaline Silicates ure soluble.  If to a (not too
dilute) solution of an alkaline Silicate NH, 1, is added the Silica will
be precipitated because an alkaline chloride is formed, ard Silica
does not enter inte combination with NH,HO, set free by the reac-
tion,. If HCL is added to a concenirated sclution of an alkaline
Silicate, the solution sets into « jelly-Fike mass from format on of
Hydrate of Silica, But if HCL in excess is added at once to a not
too concentrated solution of a Silicate, the Bilicic Acid remains in
solution; if this solution is evaporated to dryness, the white powder
ingolable in FICI is Bilica. The Silica is soluble in a boiling solution
of KHO, 1In the sol.d state Silica is hert recognized by bead with
Microcosmic salt, forming skeleton of Silica.

STLPATRIC, 504 : The reaction with BaCl,, giving a white pre-
cipitate insoluble in HCL. is very characteristic of Sulphuric acid and
Sulphates, A similar precipitate 13 formed by Selenic and by
Fluogiticic Acid; but these acids are so rare thaf the above reaction
" with Barium Chloride is usually ElﬂﬂEptEd as proof of the preseuce of
'Su'phuric Acid. '

SULPHURDU‘-: Acip, H,80; Only the alkaline Sulphites are soluble in

- water. The Bulphites of Ba,, Sr and Cs., are insoluble as normal

;_}fi.:f-"_?'.-aaltst but bécome soluble as Bisulphites in excess of Hn%f},, but these .-

L --Ei‘ﬂtﬂ are again-precipitated on biling from escﬂ.pa of 80, If HCL.

" gt} ad-:le-::l to s Sulptite, the Ettﬂmg odor of 80, may he r&cu-‘rmzeri -
This gas will first ridden and -then bleach blue litmus paper. Sual-
phites precipitate ApgNO0,, ag whifte Ag,30, On heating it black: -
ens and decomposes into metallic Silver and Sulphunﬂ Acid.
Ag,80:+H,0==8Ag+H,80,. With Hg, (NOy» r—8 gmy precipitate of
He: - Hg ,80:+H ,0=2Hr4H;50., With Fey(lo—ared color, de<-.
stroyed by heating with HCL A sulphite added to Zn.+HCL forme
H.S, at once. H,;80,+3H,=H,9+3H.,0. Iuo presence of HCI Sul- B

- phites reduce many salts, e, g., Fe,Cl.; to FﬂCl2 —K Mn,0; to KGI
and MI]CI; -K—;CI(J.. to KCl EI..T.'lﬂ GI‘ECIﬁ R

_-" :

GRDUP C ACIDS PRECIPITATED BY AgNG,; |

['I'ha reactmns of Ir::-n Balts with tha Fermc}'ancwen cﬂmpounda are su._
charactenatm and EEEI]F‘ ﬂecured that their identification is referred to
Gn}up D] ' -
HYDRGBRDMIG AUID HBr " Bolution of HBr. and Eﬂluble Brﬂmldes prﬂ- -

e duce a yellowish-white précipitate of Aghr. with' AgNO, ~insolublé
e jn HNOQs and difficult to-dissolve in NH, HO. If Chlorine water is
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added to a solution of a Browide, a yellow to reddish color ig pro-
dueed; which becomes manifest when the Hquid is shaken up with a
- few drops of (S, to dissolve Br. If any Bromide be mixed with
MnQ,,+H5804, and heated browniskh-red vapors of Br. appear, best
seen by loocking lengthwise throngh the test tube, Br. colors solu-
tion of starch yelloip, ‘

HYDR{}{}?AHIG Hly.: HL]T. ¢aa hag the odor of bruised peach leaves.
HCy, and solubls Cyranides precipitate AgNO; as AgCy., white, not
blackened by sunlight {distinction from AgCl), soluble in boiling
HNOQ, [ a Cyanide is warmed with KHO. aud three or four drops
of Feld, solution and two of Fe.(Cly for a short time, amd then
shigutly acidulated with HCL to dissolve the bydroxides, Prussian
bine will appear. If a drop of NH,HS iz added to a Cranide in solu-
tion and heated gently, then acidified witk H{L a drop of Fe,Cl,
will produce a blood-red color.

HYDROCHLORIC AcIp, IICL: Precipitates AgNO; as a eurdy while precip-
itare, AgCl, insciuble in HNO,, readily sulutle in NH.HO, By
prolonged exposure 1o sunlight it becomes violet and finally black,

. Gageous HCL forms white fumes of NH, L, with NH;. .. Mercurous
Nitrate forms a white precipitats, Hg:(1,, with HCL or acluble
- Chlorides, insoluble in HNO, or NH.HOQ, but hlockened by the laiter.
~Any Chloride heated with H;S0, and MnO, evclves Cfilorine gas—
recognized by odor, color and ‘bleaching properties, If the £as i

pﬂured into a tube containing a little water, the tube agitated and a -'

drop of Ag“"Tﬂg added, a curdy precipitate of AgCl, will bla formed.
HEHRI{‘:D,G AL: With HI or soluble lodides, AgNO, [}I'EﬂlpltatEE Al
- yellowish white, Insoludble in buth HNO, and NH,HO. A mixture of
CuS(, and I'e3Q), precipitates from solations of Iodide, Cuprous
Todide in form of dirty white pr@upll}atﬂ Chlorides and Brormides
are not thus precipitated. If clear starch paste is added to a solution
of an lodide in the cold, the Chlorine water added drop by drop, ¢
blue color will form from Jermation of Iodide of Starch. Tleat and
ab excess ©of Chlorine water removes the coloring, Anj Todids
heated with cone, .80, and MnQ, liberates Iodine in the frea-fﬂrm
giving heautiful violet vapors, which condense in dark brewnish B
scales on the coolor portions of the tube, Solution of Mercuric:

Ohloride addad to an Todide in solntion, gives a salinon colored pre- -

cipitule, rapidly becoming scarlet, HgT,, Nitrate of Lead ‘with
-gojution of Indlda gives beautiful yellow precipitate, slightly soluble |
in boiling water ‘but precipitated as the water: cm:ula in f{.'rl'm of

- glistening yellow soales of Pbl,. -.
: H?DRDEULPHERIG H8: Recogn'zed easily by 1!:.5 characteristic c:-d-:ar The-
- acid and any of its soluble salts precipitate Lead salts from solution
in the form of browiish black Pbt-}._ Paper moistened with
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Ph{ND;)3 when held in the gas or moistened with the solution of the |
gas is stained brown, AgNOQOg produces a black precipitate of Ag.S,
insoluble in NH HQ, oxidized (into Silver Solphate} by HNQ;, and
~dissolved. The sulphur radical in many insoluble sulphides cah
" _rapidly and easily be separated and identified by the reducing influ-
 ence of metallic Zinc in presence of HCL The metals _f-;:rrmiﬁg
. insoluble sulphides are mostly found in the I. and 1I Groups,” With
the exception of Arsenic {a semi metal) a.l the sulphides of these
metals may he decomposed, the metal secured in metallic form and -
the sulphur eliminated as H,35. capable of easy detection and udenti-
fieation, Place the powdered Sulphide in a test tube, pour on it a
quantity of conc. HHCL and inscrt a slip or rod of Zn. Test the
| escaping gas by ita odor and reaciion with Lead paper for H,S.
After & $ime the metal will be found precipitated on the Zn. and
- .may be removed, washed and identified. In the case of Mercury
- and ﬁntimohy, hetter results are -gecur d by wrapping a slip of
clean Copper around the Zinc to form a Zn.Cu, couple. The Hg.
will form an amalgam with the Copper.

E;ﬁdup 1;. ff;g'{'juj’sf-i-iii:iﬁﬁ’fi%ﬁlﬁn" BY" FERRIC CHLORIDE.

Whtle some nf these Acids are preu:ipltahle by Nitrate of Sllver, thay a.re;"'_-_-'_.
' most easily ideatified by Salts of Iron: | =

H‘EI}RGFERRDEIYAHIU, Il ¥eCys.: In solution of Fe*rmuyauiﬁea," Ferric..
Ghlﬂnde givea a deep blue. precipitate insolulle in HCL ~Prussmn.___fj?-

: Biue FE-!_.{FE'GY& 3. - Solation of Copper E-u!pha,te gives a f‘hﬂﬂmafa_-_
B broion “preeipitafe—Cu,FeCys—insoluble in HOL, . soluble in
. NHHO. " | S
iIYiJHDFEREIGYA.\IG H 3FECj"ﬁ In solutionm of Ferricyaniies, Ferri¢ -
Chloride gives a brownish -green coloration, but no precipitate,

. 'With Ferrous salts « deep blue precipitate, Fez(Fellys)s—Turnbull’s
Blue, ingoloble in HCL: The addition of SaCl, to a mixture of
Ferrm Chloride and Ferricyanide, gives instantly a blue pre Elpltﬂtﬂ.-'_:_:
fl"{}m the reduction of Ferric to Ferrous Chloride.
TMI:-.IU Wlth solution of Ferric Chloride forms a bluish-black {mk} pres
mplt&te PrFEiplt‘ltEE- solation of gelatine, |
GALLIG . Fnrma 4 precipitate similar to that of the Tannic. ﬂ.md BUEE'"_',
L nnt prac;xpltal;e solition of gelﬂ-,tme. . | N
E’ULPHD{J‘L&.‘Q’I{]. “With' sﬁlutwn of Ferric Chloride, an mtense btaad red..
s cazﬁratmn, b no premmtata THE COLOR IS NOT CEANGED BY HCL
‘EVE'? WHEN BOILED, BUI‘ QUIEKL‘&I DISCHARGED BY HeCl,, |
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 Crystals of Nitrates, Chlorates, Bromates, Permanganates and Iudatas

30

SULPHUROTS 1. With Fervie Chlo ide formia red cofor rapidiy destroyed
by boiling with HCOL

ACrTIC: Acetates form a bruwmsh red color destroyed by HC1 in the
cold,

PHOSFHEORIC : With Ferric Chloride a yelijwiah-white pracipitate, in-
soluble in Acetic Acid,

SURSTANCES THAT DECQLORIZE SULPHATE OF INDIGO.

[ Chicrine,
Hypochlorous Acid,
Chlorous Acud,

1. Withoat addition of an acid " Hypochlrites,

' Bromine,

Nitriec Acid (not Leo dilate).
| Alkaline Sulphides,
[ Chlorates.

Nitrates.

Todatea,

3 Omn addition of HCI and heaving : 4 Bromates.
Mapganates,
Manganic Oxice,

| Plumbic Oxide.

in appljrmg this test, enough of the Indigy solution i& placed in water to
give a blua eolor, and the substance is then dropped iato Lhe Emlutmn r_m&
the chang s ohserved, whlch ocoar Epﬁedllj’ if at all. S ’

-

ACIDS NOT PRECIPITATED BY GROUP REAGENTS.

deflagrate on red-hot charcoal.

NETREC: All normal nitrates are soluble : & faw basic Nitrates (of Hg a.nd :

Bi) are insoluble in water,

If » Nitrate ig added to Sulphurio Acid and Copper, and thﬂ mix.
- ture heated, nitric oxide is evolved and the air in the test tube

- becomes orange- ﬂaim'ﬂd best seen by lunkmg lengthwme thmugh
- the test tuba.. . L S
Tf a Nitrate is added to cone. Hulphun:: Acld and a strong Eﬂhl-:-
tion of Fﬁrmua Sulphate carefully poured over -the  Acid: wﬂrtmut
mixing the acrlutmns, ¢ brown ring will form hetween the twa]a_yem
of liguid, best, seen by refiected light, The color drsappaars t:m: boﬂ»- >
" jng, the NU, being expelled by heat. _
If Brecine dissolved in H,80.. be poured om a Eﬂ-l'i.d cmttaming
~ even a very small amou at of ‘a Nitrate, a blood-red mlur w1ll furm I
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If solution of Sulphate of Indigo is added to a h1trate wzth H~ I
the color does not disappear, but the color is discharged by hi} Imp;
: the mixture, -
"C.'HLDRIG C’hlura.tea when heated red hot give off Qxgen and are redug ed

to Chlorides, and then give reaciions for Hy drochloric Aexd
) Whan Chlt}tﬂiﬂﬂ are heated with conc. HCL a yellow guH is gwen
fo “whitch bleaches Indigo very powerfully.

BRGMI{! ,.;LND Iopic: . When Bromates and lodates are heated red-hot they

Zive. off ﬂxygen and are raduced to Bromides and Todides, and then
- give reactions for Hydrobromic and Hydriodic acids respectively,
PERMANGANATES: Are all soluble in water, the solution having a deep
purple color. Permanganic Acid (H.Mn,0:.) is readily reduced a
Manganﬂus salt (MnCl,) by the action of Oxalic Acid in presence of
HCL., the. pllr[]].-'-“ color being rapidiy destroyed. The Mn. is then
raddﬂy detﬁected by the tests used for this base.

ORGANIC ACIDS; EVOLVE COMBUSTIBLE GASES AND
- BLACKEN (BY SEPARATION OF CARBON) WHEN
"HEATED STRONGLY ON PLATINUM FOIL.

C}ranﬁ-gen t:umpnunds uf t"hf: heaﬂr metals wﬂI Exh:bnt the same:
' rE&::tmns. EEE R

~ . ACETI¢; The norm:ﬂ Aﬁetates are all aﬂluble in water* a fﬂW b‘ébﬁ*{:» ;‘kﬂﬁ-
.. -.tates aré insoluble. Acetie Acid has the characteristic odor of vine-
LEar, H‘ ﬁulphunn Acid is added toan Aﬂetate and Warmecl the
odor nt" Acetid Acid iy evolved. - If equal volirries 6f Euiphurir: Amd' |
and Alcnhc.l are added to. ﬂ.[l Acetate and heated, the fry gnant} ﬂd{}l‘-
et Acstic: Ether is obtained, If an Auetate is added to- neutral Fer-
- rie Chleride, & b:‘i}W‘ﬂ]Hh red color appears from fﬂrmau{m of Ferrie
-Aocetate, The color dlﬂﬂppﬂarﬂ at once when HCL is a.dded (dlﬂtl.nﬂ-
. tion from Sulphocyanides and Sulphites). |
TA.RTA.R.l 2 Chloride of Caleium: from neutral solutions nf the Tartarates
L throws down a white chrystailine premp1tata of Tartrate of Calcium,
o --.:j_ifmluhle in Acetiv (digtinction from Oxalates), Tartaric Acid added’
o :;_5.'1:1 excess to KE[{} premprtat&a ”Cream Tartar” —KHC;H 0., whlf&, -
E__-__arysta.lhne, Enluble in. 180 parts of water. Thorough Ehakmg pro- .
e Umoetes this formation 6f the piecipitate. AgNO; precipitatés white
'}'_._ﬁggf}iﬂtﬁm goluble in 1'?-r£ihHUri If this ammonia, sﬂlut:cm be bo;r.!ecl
';m a test tubs, e hquid beconies black from preci pi tated Ellvezr &,mi
o H- Sllver ::—nsatmg Wlll fnrm nn tha ms:de- of the test tuha B C



LI1IST OF THE ELEMENTS, SYMBOLS, ATCMIC-
- ITIES, AND COMBINING WEIGHTS.

’ L QOMBINING
N AME. ! RYMBOL. | ATOMICITY. -opiire
Alamioum - .. .o e | Al IlI 27,
Antimony ... ... ... ... Sh. IIland ¥V | }20).
Arzenic . . __ ..., ' As, 1II and 'V 5.
Bariunl - oo e Ba, IT 157,
o Berylilum. .o Lo .. .. Be. 11 B
Bismuath . e Bi. Niant V 210,
[ 21474 ¢ ) ¢ W B. 111 1.
Bromine __._ . . .iuiaa. Br. I ' 80.
Cadmivm.. .. .. .. ¢, ki 112,
ST L o o o e ! &, 1 133.
Coleiam. . o : (Ca. 1l 40,
Carbon e, | C, ! 1V 13,
Chlorine .. L . ieea- -, Cl, : I 3\.5
CCerivm. i Ce. : 1V 1B
Chromivum .. __ ..o _.......... f Cr. Ii1 52.56
Cobalt. .. . .. : Ca, It 3.8
Copper . et e, . II 03,
Didymivm .. .. o oo D. 4] 93, -
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. D COMBINING
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Silver . s ’ Ag. I 168,
Silicon ... .. .. 1, IV g,
Sodivm _ i Na. E 23
Strontivur. . .o . __ .. _ ... wr. 1T 8.5
Selphur. ... ... ... -, VI 32,
Tantalum.__ __ ... : Ta. v 153,
Tellariowm oL L. . ___ ] Ta. VI 128,
Thullinm e, Tl. I1I 204,
Theriam __ . . _. ! Th. 11 281.5

0 I § + T Sn. Ifand 1V 118,
Titaniam ... ___ .. ... ... e T4, | Bk,
Tungsten .. W, ¥Ii 184,
Craniom____ . ..o _.| 1, 11 129,
Vanadimme. s e s iame s v, Vv 51.2
Yttrium ... - Y. il 5
ZiNC oo . Zin, 13 i3,
Airconiun .. ... oL .. ... VAR 13% 0
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REAGENTS.

| ACIDS,

Con¢, Hy50, —C, P. Acid.

Dilate H,80,—C. P. Acid 1:5 pure waler.

Cone, ANO,.—C. P, Acid,

Dilute: HNDE —C, P. Acid 1 ‘3

{‘nnn HCL—C. P, Acid.

PlluteHFl —C. P. Acid 1:3,

Aqna HPg‘li—-ﬂNﬂ;, 1: 0O, 4. Prepared only as required for use: does
not keep long. , -

Acetic Acid—Sp. gr. 1.04, 1: 1.

Tartaric Acid —Cryatals 1:4.

Hydrofluosilicic Acid---Baturated solution,

Hydrosulphutice Acid—8aturated sclution of H.5. in water, aciduled
with HCIL,

H&EFE AND HA?IC SALTS,

I{FI{J -—Fused Et-lﬂI—EE 1:10. Dissolve the sticks in water, decant clear
“golution from any solid impurities,
NHHO —Conc, Ammonia Water 1:5. | o
NH,HS.,—Yellow. Ammouic Sulphide and NH,HO. equal parts; water
five parts. -

(NEL),C0 {'”‘“"‘”h‘"ﬂ' one part of commércial Carbionate of Ammonia
NEL) O in five parts of water -::nntmmng onepart of NH,HO.

Na,C0Os.~-Na,COy. (dry) 1:5

Ca(OH), {B&turate ca:ald water with staked lime, and decant the
A clear so'ution of * Lime Water.”

. SALTS,
Bl ~1:15,

CaCly —1:10.

CaSl0,  ~~Saturated solution.

MgRO,. —1:10,

ENH,C,0,—1:25. Dissolve in hot water,

Sal-ammoniac usually contains Tron. Add to the
NI —1:10 3 salation of NH,Ct. a little NH,HO.; decant frﬂm any
prEﬂll)ltatB a.nd neutralme with HGI o

KI —1:60,
R, OryOqoe=1: 10, :"_Ua{e Warnl water. . o
K;FEIUF:]-—IZ-lﬁ._ _ - ) : | oL _ : : -
K;Fely,—1:15. Does not keep long. - -
NH.CyS.—1:30, o



AgNDn-—*I : 20,

PbiC: H,0, Yoo =—1:10,
HgRO:—1:20 + two EINO,
Hgl:ln.'"‘l 20,

Fel0,, {Dlﬂsﬂlvﬂ 12 parts FaS0,. and § NH,B0, in 16 Wﬂf.‘ﬁ'
R and add 2 parts H 10 M & 9 paris (NH, w3

Fe,Cla.—1: 10,

Hﬂﬂ__];[PO.l —-11 18,

Sn(l,. { Boil granulates o, with WO, till the avid is :;atmﬂ;wc! Ailsiie
witn 4 parts of water muds seid with YIig,

NH,, ) . YDissolve 1 part in five NH,HO., and pour this fato 20
(NHa MoO,. { paris dilate [ 50, !

Qo(NO,). —1: 15,

s&hake 1 part ‘‘Chloride of Lime™ with 10 of water: add

NafﬁlD. NaCOj. in solution as long as previpitate forms, and deennt
? tha clear solution,

-1n Iﬂ'ﬂlmrmg any of these reagants, if a precipitate forms it shonld be

‘remaved by filtering or other means, and only the elear solulion vasd as o
reagent

METALS AND OXIDEY,

. IroNin form of clean wire—wire pails,
o :-:.-EGPPER, s sheet copper, or fine wire. - -
| .E[\G {free from. As. } gmnulmted EL7a! vs of sheet zigs 3BT ﬁ.il t&hﬂk% |
LEAD DIOXIDE, PhO,. by hoiling " Red’ Fend™ in dikgte BNO. wa&hmg
tae brown oxide {0 remove P NOs),, and (lrj'mg the PHEY, £ox s,
}IAHGAWE.EE DIOXIDY, Powdered * Black f}}{tfiP of H;srganmm“ ut‘ -ﬁ; Fige
merce,

TEST PAPERS.

Litmus, Reduce litmus cubss to a coarse powder ; Imil this for ten min-
‘utes in thirty volumes of alcohol ; pour off the aleohol and bodl agnin with
fresh. alcohol : pour off all the alcohol, and pour on the prcified kimons 10§
volwmes of cold distilled water and let it stand for two days - pour off ths
clear ligguid and preserve this test solulion in 2 bottle withaut 4 ﬁmm}?r 2

‘The residial libtmus ean be treated three or four thnss it sucomuion with
.cobd water to prepare a test soliation, The solution is rﬂ_rﬁdeﬁ-ﬁ:ﬁ;si by acids

wnd blued by alkalies. Carbonic a:d gives a wing.ridd, which may be
remmoved by boiling or by FFNIU“EEd BLiEr mg et e op e et

-* Ammonic-Ferroas Eulphata ﬂm;:ulvad ftt Watm- netduiared with M. G AR S
'tlm pu* nogae salisfactorily. :
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make Blue Litmus paper, add KHO to the Litmus solution nntil a
of the sointion on white paper leaves a blue stain, Dip slips of
ing paper in the solution and dry for use.
prepare Red Litmus, add dilute HCI. till ths solution is permanently
sned; thén chp white paper in the solution and dry for use.
rmerie Pager. Digest the coar E.ely powdered root repeatedly in small
tities of water to reraove objectionable coloring matter, and then in
e alculml Pﬂur off the aleoholic solution and dip into this strips of
B prmtmg paner, dry these and keep them in the dark, Alkalies turn
aper brown, ‘Turmeric paper is a very sensitive test for Alkulies and
line Ear th o
5t papers should he keptin a bottle and aw&y from the 1ight
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