SALTS OF ACIDULOUS RADICALS.

Table of the Chlorine Acids.
Hydrochlorie a(:isl s {ig{o
Hypochlorous acid . . - - L
Chlorous agid. o - e . - H(‘lO?:
Chlorie acid . . . = « - 1-1(3103.
Perchloricacid . . . . - 7 A
i cal is univalent (C10y). The acidulous radicals
f'i:l]iz giﬁfﬁiﬁﬁiﬁl;ﬁl ;ii:l:ualre al.\sé unf\':mlellt, as indicated in the
0 > othe

foregoing formulz.

Analytical Reactions ( Tests).

i ¢ e. g.
First Analytical Reaction.—To solution of ?‘ c'}idi::l-ten D( 1ge:
chlorate of potassium) add solution lof nitrate nt i)le‘ pe,r f‘grmpi =
ipi 8 ing that the chlorine must be ming
cipitate falls, showing : agire be perionin
di?fcrent functions from those 1t pobsessesl in Chl}(}iliilefn - S],:;EL
orate the solution to dryness, and place ttlzfr?}cﬁ]omte e
. :e drop a fragment at ]
dry test-tube, or at once dlmp a,‘{ﬁvi%gmi e
test-tube, and heat strongly; oxyge evolved, ard Oy 3
yenized by its power of re-inflaming an inca b
}FETL ctetf in the tube. Boil the residue with water, d.ll'lu d]{_f;. ’
:Efrso']ution of nitrate of silver; a white preulpltate_lfads;mlj;;
ino all the characters of chloride of silver, as deseribe
e . .
Hydrochloric Acid. : o i
y v mitting the recognific
This is a trustworthy test, and, even om g | cognibion 48
the Ic}i:svl:ei may be applied in the detection of small quantities 0
Al SR )
chlorates. 5
! it -agment of a chlorate
Second Analytical Re;‘mtmn,-—To ]a)li?ﬁ,»nacigi- i
r three drops of strong sulphuri 1; a0 explos
. tgf‘(‘)’) is e\-‘olvc}d somewhat resembling chlorine in odor,
H /Ay = g * 5 ; :
Sl ersing a deeper color than that element.
but possessing

3K 10, + H,80, = CL0, + KC10, + K,80, + H,0.

50° or 200° K., or

Warm the upper part of the test-tube to 13(} ({)JQF?(? dfmm.
introduce a hot wire ; a sharp CXP]OSIOI} ensfugs, e o
position of the g;ls{, p}‘;rox;c.le; of [—CI];L(FTG;:E\LE f;ﬂrr]nent e

ird Analytical Reaction.—Heat a sm? goent o
chl{f;;.;! with {13fd1'rjcllloric acid: a yello“q?h—iqi-:eegr é,l?z}mlllutlll\;;
oas termed euchlorine is evolved.{ Its solor is (‘lnis,prmd g
e
Chzﬂ?ii:%;eg{{l)fjhatl ilgttncgnt with one of the oxuleslof g]ﬂo;m@:
: nFa'u-rtfa Analytical Reaction.—Direct the bl(l:m"}jl]:jc; T:ﬂlel o
o charcoal until a spot is red hot, and then pau, e
taofia;ment of a chlorate; deflagration ensues as with ni

=]

IODATES.

Bromates.

Bromates are salts closely resembling chlorates and iodates. The
formula of Bromic Acid is HBrO,. The presence of bromates in
bromides is shown by the produection of a yellow color on addition
of diluted sulphuric acid, 5KBr -- KBr0, 4 3H,80, = 3K,S0, +
SHLO + 3Br,,

Todates.

Todic Aeid (HIO,).—Todine is boiled in a flask with five times its
weight of the strongest nitric acid (sp. gr. 1.5), in a fume-cuphoard,
until all action ceases. On cooling, iodic acid separates in small
pyramidal erystals. These are removed, the residual liguid evapor-
ated to dryness to remove excess of nitric acid, the residue and the
first erop dissolved in a small quantity of boiling water, and the
solution set aside to crystallize.

Todate of Potassium (KIO,)—Powder together equal weights of
icdine and chlorate of potassinm ; to the mixture add twice its weight
of water and ahout one-eighth of its weight of nitrie acid ; warm the
whole unfil iodine disappears, and evaporate quite to dryness over a
water-bath. The residue dissolved in water forms the reagent ‘‘ Solu-
tion of Todate of Potassium.” It contains a little nitrate of potassium.

In this reaction the small quantity of nitric acid furnishes corre-
sponding amounts of nitrate of potassinm and chloric acid. The
chloric acid with iodine gives iodic acid and chlorine, thus:—

2HCIO, 4- T, — 2HIO, + Cl,.

The iodic acid and some chl
and iodate of potassium—

HIO, + K(C10, = HCIO; + KIO, ;

and the two reactions alternate until the whole
placed the whole of the chlorine.

lodate of potassium and sulphurous acid decompose each other
with elimination of iodine (or with formation of a blue color, if starch
be present.) Sulphurous acid occurring as an impurity in acetic and
cther acids may thus be detected.

2K10, + 5H,80, = I, + 3H,S0, +- 2KTS0, 4+ H,0.

If iodic acid solution be mixed with
tion of sulphuretted hydrogen be ad
Junction of the liquids.

Ferric iodate, or rather Ozyiodate (Fe,0410

tated on adding solution of ferrie chloride to &
potassium,

orate of potassium then yicld chloric acid

of the iodine has dis-

mucilage of starch, and solu-
ded, a blue zone is formed at the

5, 8H,0), is precipi-
olution of iodate of

QUESTIONS AND EXERCISES.

462. How may hypochlorous acid be formed ?

463. What are the relations of hypochlorous acid to common
bleachin g-powder ? :
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s - o o
464, By what reaction is chlorine E)Il!:t‘ll?i]-t(}‘ﬁ Fmtm ]1}5)(}31.13]?;(111;05,
. St he general reacti vhich chlorates ar d.
65. State the general reaction by v : 208
ggﬁ ;}ive details of the preparation of chlorate of potassium.
4{*)?'. Mention the properties of chlorate of potns.:lufm. S
468. What decompositions oceur when chlorate of potas
Ao i rate otassium.
469. Find the molecnlar weight of 1051‘131:3{;9101{' lpm G
470. What weight of oxygen is yielde il
potassium is completely decomposed, and how
Htassinm remalns i . > "
o fld:]q One hundred cubie inches of oxygen, at 60° F. &nfll‘h‘_irt():);e:tf{
b ;(J inches, weighing 34.203 grains, and 1 gallon cn:nnt[}nmnh -‘1:;»:1
5 5 o o =2 o o Fogepa 1 = a2 | :
?ub)ic inches, what weight of chlorate of potassium will be requi
31 4 By © = i 3
to yield 10 gallons of the gas? Ans. 53 ommes.d S
472. How many cubie inches of oxygen are produc
: y e E
:hlorate of potassium? 5
0f4L'Th3 Czﬂculu%e the weight of chlorate of potassium theoretically
obtainable from 100 parts of c;hlomde.‘)
474. How is perchloric acid ;‘:repin'ed.
i75. B shlorine acids.
475. Enumerate the chlorine ¢ e sy
476. How may the presence of chlorides in chlorates be

trated ?
: r;}l?f';'. Mention the tests for chlorates. ; {
478. Give the formula of peroxide of chlorine.
479. What is (‘uchl()l'in_el'.’} o
). How may iodic acid be made? : :
141?3(1 Describe}the preparation of iodate of potassium.

ACETIC ACID AND OTHER ACETATES.
Formula of Acetic Acid TIC,H,0,. Molecular weight 60.

1 i rally in certal ant

Source—Acetic acid is said to occur naturally in cettfi:l_}f: ']pj -
juices and animal fluids in minute pl'ngort]mnsi ])Elt Ott'h-;l \;ilqt;;til'l‘;tinn

he »t.  Much is furnished by the destructive distille

ificial product. Much is fur : tiliant
a‘]f"twood Ii)ienec the term pyroligneous acid for the mudr(,: mo_.im he
? brid word from wbp, pir, five, and lignum, wood. This lmpr:d
b e LTy ) ) e - 2o
ﬁ"'uduc-t neutralized by carbonate of SD(]}[II}H}. th(l, ‘t\' ]lwlc en}i?;tat(“
o resi ontly heated to drive off the volatile tarry ma S,

and the residue gently heate : I the volati Y s
divvq acetate of '{-wdhun. which after 1'&-1'39{@11!1;,_(1‘(.1911 [‘I;l ni }tl;e o
ﬁ' -t)'kﬂa.t-ion with oil of vitriol and water acetic {md in a fair "d o
i In Germany and France large quantities of acetic acid a .
o snontan ation of the alcohol in inferior “m(ai
: S rmed

in the “presence, according to Pasteur, of a pil_a%t—ﬂor;nu;::e rf:j; e

et cterium mycodermi of Cohn); he

Mycoderma aceti (the Bacleri 7 hu); e
w;’fite— and red-wine vinegar (vinegar, from t]]le Fr(;l;;})ri ; 2‘1 W ;nd, e
leed this bacterium may be propagated, anc G
e ol and water be carried
land also the domestie
infusion of

purity. 2
made by the spontaneous ox1

aigre, sour). : nay
a:l'{iﬁcial manufacture of vinegar from aleoh

1 T iy o
out, by its acid, on a large scale. In Eng - it
form of acetic acid (brown vinegar) has a similar origin :
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malt and nnmalted grain is fermented, and the resulting oxidation
of its sugar, instead of being arrested when the product is an alco-
holic liguid, a sort of heer, is allowed to go on to the next stage,
acetic acid; it usually contains from 3 to 6 per cent. of real acetic
acid (HC,H,0,). :

Vinegars.—Ordinary brown vinegar contains about 5% per cent.
of acid. The so-called Vinegar of Cantharides (Aecetum Cantharidis,
B. P.) is a solution of the active principle of cantharides in very
strong acetic acid, not in vinegar. The Vinegar of Squill (Acetum
Seillee, U, 8. P.) is also a solution of the active principle of squill in
diluted acetic acid, not in true vinegar. The same may be said of
Acetum Lobelice, U. S. P., and Acetum Sanguinarice, U. 8. P. (Vin-
egar of Blood-root). The Acetum Opii, U. 8. P., or Black Drop of
America, is made from nutmeg, saffron, and sugar, as well as Opium
and Diluted Acetic Acid.

The Acetic Radical—The group of elements represented by the
formula C,H,0, is that characteristic of acetic acid and other ace-
tates, and may, for the convenience of study, be assumed to he an
acidulous univalent radical. But different strengths are sold under
certain numbers which in the United States refer to the number of
grains of bicarbonate of sodium neutralized by 1 fluidounce (wine
measure), and in Great Britain refer to the number of grains of an-
hydrous carbonate of sodium neutralized by 1 Imperial fluidounce.

Acetyl—The characteristic grouping in acetates, C,H,0,, is fre-
quently considered to contain, rather than to be, a radical—C,H.0,
termed acefyl.  Acetates yield a body having the composition
C,H,0CI, which is regarded as chloride of acetyl; from this may he
obtained acetic anhydride (C H;0,), which by absorbing water be-
comes acetic aeid.

C,H,0) C,H.,0 C,H,0 C,H.0)
0 le—Iio}O 2 51{}0 w0
Chloride of Acetic Acetic acid. Metallic
acetyl anhydride. acetates.

The relation of acetic acid to alcohol will be evident from the fol-
lowing equation representing empirically the formation of the acid
C,HO 1 0, = C,H,0, + H,0.

Alcohol. Acetic acid.

Acetates in aqueous solution are liahle to decomposition. In solu.
tion of acetate of morphine a myceloid growth occasionally forms,
acetic acid disappears, and morphine is deposited. Solution of ace.

tate of ammonium is liable to a similar change, gradually becoming
alkaline,

Synthetical Reaction.
Acetic Acid,

. Synthetical Reaction.—To a few grains of acetate of sodium,
In atest-tube add a little water and some sulphuric acid, and

heat the mixture; acetic acid is evolved, and may be con-
13#
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densed by a bent tube adapted to the test-tube by a cork in the
usual way. ' S .
Aecetic Acid.—This is the process by x}'h}ch _a.cetaft:e %foci;\(il;u:ﬂlm?;
caleium (Ehe neutralized products of tlhe diiulla_tzlolnn(;tr\iz od) Je mats
o yi ic acic the large scale. s Wi : y
to }le}d ﬂcﬁclc;{;‘i}gi{; term “cetie acid” is that usually ap.]ﬂl_?d;o
L tic acid. The Acidum Aceficum, U. S. P,
tains 36 per cent. of real acid, that is, of lIf.E?lL,(())Q; f(‘}tli'.lito?;(()ii
C,O-mmml 311}6 per cent. of acetic anfydride ((J,,l.l‘s. 3\)-—‘?)!_(1 0
:il(jaiilﬁ?t{xc;u.n-h somewhat obscurely termed anhydrous acetic acid.
Its specific grayity is 1.048.

aqueous solutions of ace

Acidum Aceticum Dilutum, Ul. S. lt’
0. 3 Hacial acetic
1O Sp. gr. 1.0083. Glacial ac
ins 6 per cent. of HC,H,0,. Sp. gr. ~Sinetal atels
cﬂiga(]ﬁlb I[l(),) contains no water. It solidifies to a ory 'bp?l(li}i:;nn[ f:;_
A below 15° C (59° E.), hence the appellation glacial tom ;1
= e ))G 0“‘4 or. from 1.056 to 1.058. Good (\:mnmercu; san:::n
b e ). Bp. . ; 5 5 : ;
1,7;'6?1,. 1(J;uid (iri?lum Aceticum Glaciale, U. 8. P} dqt.:sl no ﬂt-on o
auLB]CﬂL 1 per cent. of water. Although water is lig 1tf,'11 lm‘ et
i?i?c 11;1(11 ygtl the addition of water at first I-(-‘?dcn?' th]_L; 1;‘{:]:(011:11\ ot
i e sati » contraction in b CUTS O
g - therefore, condensation or con 1 ‘
e\_lq-ertf%‘ictl]li?ﬁi?ls i after 10 per cent. has h_ecn_ added, li;h(, arl:ll]l(tz::i
n;'lmnt‘,‘ w-xtci{ produces the usual effect of dilu_t.mn of la‘ ‘1f. ﬂ.‘ i".tm- .1“;!1
? ']'Tlmllizhtér—namcly. reduction of relative weight. l. n'%tn'l(iiluﬂ:' s
}:c": Lctt%r understood after the subject of specific gravity has
- i res0l action :—
Stu’%fj following equation is expressive of the foregoing reacti
3 g . e
NaC,H,0. H,80, = HCHO, + L?.Hl&%w
¢AL? l-gt gf 2T Sliiiﬂmriu Acetic acid, .-1;-1{ b::,::i]};ll:‘:‘: )
;:d{luix. acid. ; ; : ¢
tyl (C,H,0) in acetic acid, and a

ssumi istence of ace ¢ :
or, assuming the exist 3 B S e

corresponding radical sulphuryl ( o
GH0Y gy Phlg .
ot W o=" '} O Nt | O
\ i ide of a basy-
irdly assumption that salts contain the oxide of a basy
i)r, f}ilr:(?}:’il nunn:tg?l i\:tlg t.Ihe anhydride of an acid l(t.lle old view under
'\:ﬁ{chl such names as acetate of soda were formed)—

Na,0,0,H,0, - 2H,0,80, = Na,0,H,0,280; + H,0,C,H,0;.
p Bt It S it !

Note on the Constitution of Salts.

i 7, whi f the
Which of these three equations, or, more Pm(rlldll}‘t{:s{tcclau?tinnﬁi,
three views of the constitution of S'&ltﬁ?l“u:at'l'-lt.e .\)yo o L0,
is correct, it is impossible to say. Whether it is e
lubr (,H,0;, which migrates from one acetic cor?_poun ;Oq:ﬂphuri::
whether it is S0,, SO,, or SO, which nll_‘..’:l'fltfib }?ni:‘l: “;Oupims‘
yund to another, and so on with other acidu Ty
co;?[?{;t at present he determined. There are strulng ('))J;Lmriimls
= 1 ¥ AN 3 M n OIVE H
chll view ; and possibly neither is right. Eithex tt‘“uhi:-};l(’liwl‘lt. =
cannot be isolated, or application of the f(gce:hg b e
electricity do not confirm views arrived at by £
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fions with the chemical force; or a salt comes to he regarded as
having so large a number of constituent parts that the view, how-
ever true, breaks down in practice from the sheer inability of the
student to grasp the complicated analogies involved. Yet for the
purposes of description, study, and conversation some system must
be adopted. Let the first, then, be generally taken for ihe present,
over-reliance on it being checked by the use of general instead of
special names for the hypothetical radicals, and other systems be
employed in other cases.

Analytical Reactions ( Lests).

First Analytical Reaction—To an acotate add sulphuric
acid and heat the mixture ; acetic acid, recognized by its odor,
is evolved.

Note I.—Iodine, sulphurous acid, and other substances of power-
ful odor, mask that of acetic acid ; they must be removed, therefore,
usually by precipitation or oxidation, before applying this test.

Note 2—1It will be noticed that this reaction is identical with the
previous one; it has synthetical or analytical interest, according to
the object and method of its performance.

Second Analytical Reaction.—Repeat the above action, a few
drops of spirit of wine being first added to the acetate ; acetic
evher (acetate of ethyl, C,H;C,H,0,), also of characteristic
odor, is evolved.

The basylous radieal ethyl (C,H) will be referred to subsequently.

Third Analytical Reaction—Heat a fragment of a dry ace-
tate in a test-tube, and again notice the odor of the gaseous
products of the decomposition ; among them is acetone ((4H,0),
the smell of which is characteristic. Carbonate of the metal
remaing in the test-tube.

Fourth Analytical Reaction—To a solution of an acetate
made neutral by the addition of acid or alkali, as the case may
he, add a few drops of neutral solution of perchloride of iron;
a deep-red liquid results, owing to the formation of ferrig
acetate (Fe,6C,H,0,). Boil; a precipitate of oxyacetate of
Iron oceurs, leaving the liquid colorless. Strong acids also
decompose ferric acetate.

Analytical Note—It will be noticed that the formation of cha-
Tacteristic precipitates, the usual method of removing radicals from
solution for recognition, is not carried out in the qualitative analysis
of acetates. This is hecause all acetates are soluble. Acetate of
silver (AgC,H,0,) and mercurous acetate (HgC,I,0,) are only spar-
lagly soluble in cold water, but the fact can seldom ho utilized in
analysis. Hence peculiarities of color and odor; the next Lest cha-
tacters on which to rely, are adopted as means by which acetates
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i roanic ¢ nds, char
be detected. Acetates, like other organie compounds,
may be detected. Ac ike 7
r . ) erature. Uit
i ni ?R']i’“;h tLE:;:]E) this point the student has 1]Lgaf]t1§d
Note on Anhydrides.— B SR e
¢ 1 body rived from an acid by .
anhydride as a body derivec - ac ) e
211} ?nhf" glllle hydrogen of the acid, together \ut!} ﬂf’tim;:b\\"m scal'cf‘j}’
Ly rith the h\?drovcu forms water. The de lfu 0 il el
L cetic “115\'111?(10, and must thcrefore_ be somew 11 r} 3 s
Y ?D (;u"dm': derived from an acid, the acid having lost the \\1}1;1
haydride 1s de ' e bving lost fne whok
Afn'f'nltr‘;{si {ous hydrogen and so much oxygen as r }'_G&fd“g ¢ heating
5 ]tl.h : ‘i{h that hydrogen. Anhydrides are obtained by g
water w 4t oy 2 :
acids, and by other methods.

QUESTIONS AND EXERCISES.

482 What is the formul? of acetic (slu;;l Lo nae
33 s relation of acetie aci Her acet
483. State the relation oetic ol
484, What is the molecular “O_lg%lt:_()lf acetic a
485, Name the sources of ace‘ml(:) acid.
op T 3 T 1 ac10 ‘ :
86. What is pyroligneous aci = e
?1%9‘3 }:‘r()m th-)it um;pouud is the acetic acid of foreign a g
[l 3 g L !
3 s : - derived ?
ish vinegar immediately derive : 1 G
hSESEHEfnw much real acid is GDIltl:’i]_l’li_E)d in Oﬂ’luﬁ‘lf:];:ifilpv?
48:). What is the nature of the “V inegars >0'~et-1tc-‘: agy
4‘)6 How may acetic acid be obt-n,.mc:.l 'h om dbﬂl (.",1 S
4EJ1- How much real acid is contained in the 0 11L14‘ \m, e
09, Mention the strencth of commereial glae_m ace L ; o
105 G ¢ vi f the constitution of acetates,
493, Give three or more views o
ho e lee.
rating each by formu i
: 494 Enumerate the tests for acetates.

HYDROSULPHURIC ACID AND OTHER SULPHIDES.

Formula of Hydrosulphuric Acid H,S. Molecular weight 34.

T 1 radica hydro-
Source and Varieties of Sulphur.—The amdu}(;usl]'adl’(ial‘}?fdJ.(:ther
ull":;)’:-etf‘ip acid .w?p/i-,/dﬁic acid, or qsn!ph.m'eiﬂed. wyd ’10% 110 ; o
:hljpﬁidcs;, is the element sulphur gcbg{ ) Ithcj:cc;ﬁ;lir; jdi\.c e
1 i : ready stated m desc { s :
nation with metals, as already sta it Al _“T‘fg
ine is 1 y icily, where it occurs chiefly associate
: icine is imported from Sicily, w cours pecat
1:15:%}11;]:31&\1 I[t is purified by fusion, SE}E)htmdthI:r Eitglll-ﬁihhlnass
poured i moulds, it constitutes a crystall ng
s s mtIOt' distilled and the vapor c-a.rrledtxrto i.qr‘,q;g
it may be rapidly condensed, the crystals are s
ambers, so that it may be rapidly he cry o
0;?3:21“:): r{% t"co give the sulphur a pulw}arglc\f;tj cha.}?ctt;; J aj}“n;:;kur'
; el (s Subli owers of 7 :
Sulphur imatum, U. S, P.) or ?
imed sulphur (Sulphur Sublimatum, : | o s
tf]ilfg i‘-(:j:lme]ivaﬂhgd with dilute ammom?t,. 11;(; lfig]rﬁvsc;Eeﬂz&oxidution
ri i : ., resulting ¥ S
phuric acid (often n]) pgll. (ﬁ;‘stsiblv, arsenious sulphide, constitutes
1 k] J

of the metals, and also in the free state.

termed roll sulphur.

in ordinary 1r1ms[t-] :11&‘ .
Sulphur Lotum, U. 5. P. i spusiin ERES
’l{he third common f{orm, milk of sulphur, w

ticed subse
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quently. Sulphur also oceurs in nature in combination as a constit-
uent of animal and vegetable tissues. as sulphurous acid gas (S0,)
in voleanic vapors, and as sulphuretted hydrogen in some waters, as
those of Harrogate.

Plastic sulphur is one of the allotropic varieties of the element,
obtained on heating sulphur considerably beyond - its melting-point
and pouring into cold water,

Qu(mfi.'a:refem:e.—Su]p‘h_ur is sexivalent, as seen in sulphuric anhy-
dride (80,), a substance which will be noticed under sulphurie acid.
It also occasionally exhibits quadrivalent (80,) and still oftener biv-
alent affinities (I1,S),

Molecular Weight— At very high temperatures sulphur follows
the rule that, under similar conditions of heat and pressure, atomic
weights (in grammes, grains, ete.) of volatile elements oceupy equal
voiumes of vapor; its formula therefore is S, and molecular weight
64. At lower temperatures the volume weighs three times as much
as it should do if following usual laws, and then the molecule would
dppear to contain six atoms (S,).

Acid Salts—Sulphur (877 ) being the first acidulous radical of
Livalent activity met with in these sections on acids, it is desirable
here to draw attention to a new class of salts to which such a rad-
ical will generally give rise. These are acid salts, which are intey-
mediate between normal salts and acids. Univalent radicals with an
atom of hydrogen give an acid, and with an atom of other basylous
radicals an ordinary or normal salt, But bivalent radicals, from the
fact that they give ‘with two atoms of hydrogen an acid, and with
fwo atoms of univalent metals a normal salt, may obviously give
infermediate bodies containing one atom of hydrogen and one
atom of metal: these are appropriately termed acid salts : they are
neither normal acids nor normal salts, but acid sals. (Examples :
KHCO,, NaHSO0,, KHCH,0,, Na,HPO,, CullAsO,, CaH 2P0,
Whether or not these salts give an acid reaction with hlue litmus-
paper depends on the strength of the respective radicals. Usnally
they do redden the test-paper, but sometimes not; thus the acid sul-
phide or sulphydrate of potassium (KHS), of sodium (NaHS), or
ammonium (NH,HS) has alkaline properties.*

The chemical analogy between sulphur and oxygen, already once
alluded to (p. 173), is further illustrated by the compounds just
mentioned. Sulphur is also closely related to the rarer element
elenium, Thus we haye Se0, as ‘well as S0,, H,Se0, (selenious
acid) as well as H,30, (sulphurous acid), H,8e0, (selenic acid), as
well as H,S0, (sulphurie acid). The rare element Tellurium also
seems to have similar analogies. The four hydrogen compounds of
the group have the formulse 1,0, H,S, H,S¢, H,Te. (Vide Index,

Periodic Law.”)

* Chemists regard these sulphydrates as compounds of basylous rad-
cals with HS, a univalent grouping termed hydrosulphyl (persulphide
of hydrogen, H,8,), just as hydrates are similarly viewed as compounds
Of the univalent radical hydroxyl (HO) (peroxide of hydrogen, H,0,)

=H.5 beco_ming_ HHS or HHs (hydrosulphylide of hydrogen), and
10 becoming HHHO or HHo (hydroxylide of hydrogen).
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Synthetical Reactions.

Sulphuretted Hydrogen.

1 sulphuretted
The preparation of su End s

5 ) Reaction : r
'ngrfe nS‘T'il‘(}Jf;: acfpilif;({OI; was deseribed 03 page 95,
E‘gl; Ol;ﬁ.;s .already been studied by the reader.

Precipitated Sulphur.

7 1 ,pare the variety of the
Second Syn_f{a ?imalzk;zifitlZ:“};};(r:;?;;a-!ed Su{pf'm‘i'_(,S'rlzfp;fvn\;
¢ L Sullj{}( %S P.), or milk of sulphur, by b’-:n(liznlgnae (GG
Pﬂ‘%:mp!ft_ﬂﬂ-??i{ =1‘“I.0f. su.lf)hur (100 parts) with slake bcu(]m_”ml
S go‘:"ni’e water (500 parts) in 2 tes‘gtu chmi :
parts) and - evaporating-hasin), filtering, an (r}E;] > -:'C_i(]
L ‘utl’ th;pﬁlt-ratéj adding diluted hydroc 1Okr li];g- .
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2CaS; + (28,0, + 3H,80, + 3H,0 — 3(CaS0,,2H,0)
Polysulphide Hyposulphite Sulphuric Water. Sulphate of
of caleinm. of calcium. acid. calcium,

+ 68,

Sulphur.

Place a little of each of these specimens of precipitated sul-
phur with a drop of the supernatant liquid on a strip of glass,
cover cach spot with a piece of thin glass, and examine the
yrecipitates under a microscope ; the pure sulphur will be found
to consist of minute grains or globules, the calcareous to con-
tain comparatively large crystals (sulphate of calcium).

Note.—A large proportion of the precipitated sulphur met with
in trade in England still is thus mixed with sulphate of calcium,
most of such specimens containing two-thirds of their weight of
that substance. Many purchasers, indeed, are 5o aceustomed to the
satiny appearance of the mixed article as to regard the real sulphur
with suspicion, sometimes refusing to purchase it. The mixed arti-
cle is, certainly, more ecasily mixable with aqueous liquids ;

Many English pharmacists have ceased to sell any sulphur which
yields a white ash (the anhydrous sulphate) when a litle is burnt
off on the end of a table-knife or spatula.  (No more damage is
done to the steel than a rub on a knife-hoard will remove. )

To ascertain exactly the amount of sulphate of ¢
men of calcareous precipitated sulphur,
& tared crucible and heat till no mor
weight of the residual anhydrous sulph
with one-fourth thereof added, is the
of caleium (CaS0,,2H,0= 172) pr
caleareous sulphur.

alcium in a speei-
place a weighed quantity in
¢ vapors are evolved. The
ate of calcium (Ca80, — 136),
amount of erystalline sulphafe
esent in the original quantity of

Analytical Reactions ( Zests).

To a sulphide add a few dro
phuretted hydrogen will probah
its smell.  IF the sulphide is no
free sulphur be under examinat
a fragment of solid caustic potash or soda and fuse on a silver
coin or old spoon. When cold, place a drop of dilute hydro-
chloric acid on the spot ; sulphuretted hydrogen is evolved, and
a black stain, due to sulphide, of silver (Ag,S) left on the coin.

ps of hydrochlorie acid ; sul-
Iy be evolved, well .known by
b acted upon by the acid, or if
lon, mix a minute portion with

Other sulphur reactions may be adopted as tests, but the ahove
are sufficient for all ordinary purposes. The most convenient re-
agent for detecting a sulphide in solution of ammonia is ammonio-
sulphate. of copper, which gives a black precipitate of sulphide of
topper if' a sulphide be present,

Lhe Iodide of Sutphur (8,1,) has been mentioned under Todine,”




304 SALTS OF ACIDULOUS RADICALS.

A chloride (S,C1,) and bromide (8,Br,) may also be formed from
their elements. A mixture of sulphur and chloride of sulphur is
sometimes met with under the name of Typochloride of sulphur.

QUESTIONS AND EXERCISES.

495, Tn what form does sulphur occur in nature?.)

406, State the modes of preparafion of the three chief commeraial
varieties of sulphur. - ppidele, A AT ond A

497. To what extent does the atom of sulphur vary in quantiva-
lence? i Ll

408, State the relations of acid salts to acids and to normal salts,

499, Define sulphides and sulphydrates.

500. Describe the preparation of sulphuretted hydrogen.

501. What are the characters of pure precipitated sulphur?

502. Give equations explanatory of the reactions which occur in
precipitating sulphur aceording to the official process. ;

503. Deseribe the microscopic test for calcareous precipitated

sulphur.
504. Mention a ready physical method of detecting sulphate of
calcium in precipitated sulphur. : :
505. Mention the tests for sulphides, and the character by which
sulphuretted hydrogen is distinguished from other sulphides.
506, How are sulphides insoluble in acids tested for sulphur?
507. Give a method for the detection of a trace of sulphur in solu

tion of ammonia.

SULPHUROUS ACID AND OTHER SULPHITES.
Tormula of Sulphurous Acid H,80,. Formula of sulphurous acid gas
or sulphurous anhydride, sometimes termed sulphurous acid, 80,
Molecular weight of sulphurous acid 82 of the anhydride 64.

When sulphur is burned in the air it combines with oxygen and
forms sulphurous acid gas (80,), more correctly termed sulphurous
anhydride, or occasionally, but erroneously, sulphurous acid. It isa

pungent, colorless gas, readily liquefied on being passed through a
tube externally cooled by a fieezing-mizture composed of two parts
of well-powdered ice (or, better, snow) with one part of common
salt. If sulphurous acid gas becomes moist or is passed into water,
heat is evolved and true sulphurous acid (H,S0;) formed. The
latter body may be obtained in crystals by freezing a strong aqueous
solution ; but It is very unstable, and hence the properties. of the
sulphurous radical must be studied under the form of some other
sulphite ; sulphite of calcium (CaE0;) or sulphite of sodium (Na,50;)
may be used for the purpose.

Quantivalence.—The radical of the sulphites is bivalent (805,
and hence forms acid sulphites, such as acid sulphite of potassium
(KHS0,), and normal sulphites, such as sulphite of sodium (N2,80,)-

Note on Nomenclature—The sulphites are so named from the
usual rule, that salts corresponding with acids whose names end in
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iD:j- 3:31‘[?}1::1 ]:]?Jr?eai;;hng in ife. They are generally made by pass-
z s acid gas over moist oxides or carbons in tl

‘ 1d g xides onates ;

latter case carbonic acid gas escapes. it

Synihetical Reaction—To a few drops of sulphuric acid in a
te'a:t»tube.add a piece of charcoal and apply heat; sulphurous
acid gas is evolved, and may be conveyed by a bent tube into
a small quantity of cold water in another test-tube Larvér
quantitics may be made in a Florence flask. The [;roductniq
the Aerdum Sulphurosum, U.S. P. It contains about 4.5 er
cent. of sulphurous acid (H,80,) or about 3.5 per cent c.a.f fhe
gas (80,). The process is also that described in the Pharma-
copolelm, ez};lcept- that the gas is purified by passing through a
fomalot}is -bottle before final collection. - Specific gravity 1.022

4H,80 Y =
Sul];}mrié o Cag:m T 0200‘2 & 4HZO = 4802
: arbonic Water. Sulphuro
acid. (chareoal). acid gas, 5 mgdlgas‘:m
Q A =R e
Sulphurous acid gas may also be made by boiling copper
ll)nfznn?r, or iron with sulphuric acid, sulphate of the metals
T&lzlmg ormed. Also by boiling sulphur with sulphuric acid.
e gas passed into water yields sulphurous acid.

15k S0, + H.0 = H,S0,
i Sulphurous acid gas, Water. Su l'phu_r;ms'acid.
in this process the water were replaced by solutions of i
- Suph Dy & s of or so
ﬁjef;ﬂ.lrm .OIXJd:j\?] or carbonates, sulphites of the various metals woJig
L I]’IB{ i 1§Ofo‘1'mula of sulphite of potassium (Potassii Sulphis
4 5 L 11\% 926 ifIBO of sulphite of sodium (Sodii Sufpbi.?’
(b-'od-a‘i é;;m;lgf._ 3_.[.‘] 1;: ; of the bisulphite or acid sulphite, 1\'31150;
§ il iphis, U. S, P). Under the name of antickior the former
hi{e : T Temoving fraces of chlorine from paper pulp. The sul-
ge to dlr}a‘gncbn@m (Magnesii Sulphis, U. S. P., MgS0,,6H,0) is
GOIEI);J:;? 3 :1‘“"]1zte crystalline powder from the aqueous solufion
e ning excess of sulphurous acid. The so-called Bisulphife of
tgcr_, employed by brewers for retarding or arresting fermentation
:,(1)1] t_oxldatfmn, and employed for various antiseptic purposes, is a
(1112‘16}[1 o sulphite of calcium (CaSO,) in free sul hurous acid
mfk 5), and is made by passing sulphurous acid gas (£0) into thin
ik of lime. Its specific gravity varies from 1.050 to 1 070, and if;
potential strength of anhydride (S0,) from 4 to 6 er cer;t( S Is
phurous acid is very soluble in alcohol. > T

: Analytical’ Reactions ( Tests).
. First Analytical Reaction.—To a sulphite (of sodium, for
stance, made by passing sulphurous acid gas into solution of

: carbonate of sodium) add a drop or two of diluted hydrochlorie

acid ; sulphurous acid g: i

: ; s acid gas escapes, recognized b i
g a

Pungent smell. - i St
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This smell is the same as that evolved on burning lucifer matches
that have been tipped with sulphur. Tt is due, probably, not to LhF
gas (50,), but to sulphurous acid (112.50_5_), formed by t_h.e 1}11;(3:1 0
sulphurous acid gas with either the moisture of tile air U!-.t 1at on
the surface of the mucous membrane of the nose. The gas is highly
suffocating. .

Second Analytical Reaction.—To a sulphite add a little
water, a fragment or two of zinc, and then hydrochloric acid;
sulphuretted hydrogen will be evolved, known by its odor
and by its action on a piece of paper placed like a cap on the
mouth of the test-tube, and moistened with a dr({p of solult-‘um
of acetate of lead, black sulphide of lead being formed. Sul-
phurous acid may be detected in acetic acid, or in hydrochlorie
acid, by this test.

H,80, + H, = H.S 4 3H,0.

Other Analytical Reactions.

To solutions of neutral sulphites add nitrate or chloride of
barium, chloride of calcium, or nitrate of :-311‘.'(31"; in each f?qn
white sulphites of the various metals are precipitated. -1.110
barium sulphite is soluble in weak hydrochloric acid ; but if a
drop or two of chlorine-water is first added, barium sulphate is
formed, which is insoluble in acids. The other precipitates are
also soluble in acids. The silver sulphite is decomposed on
boiling, sulphuric acid being formed, and metallic silver set
free, the mixture darkening in color.

To recognize the three radicals in an aqueous solution of smg
phides, sulphites, and sulphates, add chloride of barium, filter, :u]:
wash the precipitate. In the filtrate, sulphides are detected by t.lU
sulphuretted hydrogen evolved on adding an acid. In th'(:1 plle-
cipitate, sulphites are detected hy the odor of sulphln‘ous acic .‘pi 0-
duced on adding hydrochlorie acid, and sulphates by their insolu-
bility in the acid.

QUESTIONS AND EXERCISES,

508. What are the differences between sulphurous acid and sul
hurous acid gas, sulphites and acid sulphites?
509. State the characters of sulphurous acid gas?
210. How is the official Sulphurous Acid prepared? :
511. By what test may sulphurous acid be recognized in acefic
1d 2
auEdlé. Give a method by which sulphites may be detected in pres-
ence of sulphides and sulphates.
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SULPHURIC ACID AND OTHER SULPHATES.
Formula of Sulphuric Acid, H,80, Molecular weight, 98,
Many sulphates occur in nature; but the common and highly im-

portant hydrogen sulphate, sulphuric acid, is made artificially.

Preparation of the Acid : General Nature of the Process—Sulphar
itself, or sometimes the sulphur in iron pyrites, is first converted into
sulphurous acid gas by burning in air, and this gas, by moisture and
oxygen, into sulphuric acid (SO, + H,0 + O — H,S0,).

Detarls of the Process.—The oxygen necessary to oxidize the sul-
phurous acid gas cannot directly be obtained from air, but indireetly,
the agency of nitric oxide (NO) being employed—this gas hecoming
nitric peroxide (NO,) by the action of the air, and the nitric peroxide
again becoming nitric oxide by the action of the sulphurous acid gas,
and so on. A small quantity of nitric oxide gas will thus act as
carrier of oxygen from the air to very large quantities of sulphurous
acid. Nitrous anhydride (N,0,) may also act as the carrier,

The following equations represent the chief successive steps :i—

S, + 20, = 280,
Sulphur. Oxygen Sulphurons.
(of the air). acid gas.
S0, + H,0 = H,80,
Sulphurous Water. Sulphurous
acid gas. acid,
2NO + 0, = 2NO,
Nitric Oxygen Nitric
oxide.- (of the air). peroxide,

H,80, + NO, = H,80, 4+ NO
Sulphurous Nitrie Sulphuric Nitric
acid. peroxide. acid, oxide.

On the large scale the sulphurous acid gas is produced by burning
sulphur in furnaces; it is carried, together with the nitric vapors,
by flues into leaden chambers, where jets of steam supply the neces-
sary moisture ; the steam also, condensin £, prevents other reactions.

The resulting dilute sulphuric acid is concentrated by evaporation
in leaden vessels.

The nitric oxide is in the first instance obtained from nitric acid,
and this from nitrate of potassium or of sodium by the action of a
small quantity of the sulphuric acid of a previous operation.

2NaNO, + M,S0, = NaSO0, -+ 2HNO,
Nitrate of Sulphuric Sulphate of Nitrie
sodium. acid. sodium. acid.

SH,80, | 2HNO, = 3H,S0, + HO0 4 2NO
Sulphurous Nitric Sulphuric Water. Nitric
acid. acid. acid. oxide,

Oiher Processes—Sulphuric acid may be obtained by other pro-

cesses, as by distilling the sulphate of iron resulting from the natural
Oxidation of iron pyrites by air; but it is seldom so made at the




