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INDIRUCT ANALYSIS HY MI-ANS Ol? TMIv OILATUM-
IvTlCR: Till-: I.()\VI;R IlYDKATi;" OF SODIl'M

AClvTATE

BY W. LASH MII,1.RU

In orck-r to avoul tlii' (litViiuUas wliich Sdiiirlitms attinci

the removal of iiiotlur-luiunr froin tin- solid pnxliKts of a

reattJon,' various "itidirctt" tnlhods of analysis liavi- Ikiii

(•'•vised for ck-tcrniinitiR ' coiniM)sition of the latter."

The method emplo) in the present paper is diflVrent

in principle from those hitherto suj;j;ested ; while less ^'eniral

in its applicati<m than some of them, it is perhaps the most

convenient in the large group of cases to which it is api)liea-

ble.

The behavior of crystallized sodium acetate, CjlI^t^jNa.

3HjO, on heating, was first deserilud by Jeanjiel", who

found that it begins to melt at 58° C, becomes completely

liquid at 75°, and boils at 123".

When he let the melted salt cooi gradually in the air,

it crystallized at 58° in prismatic needles, l"'e temperature

keeping constant at that point during the crystallizatum ;*

but if the solution was protected from "germs" it solidified

to a white translucent mass of large shiny leaflets covered

with a little liquid.

These leaflets were delicjuescent in air in which the pris-

matic sail dried out, and were easily converted into the lat-

ter by bringing into dry air, or by touching with a glass rod,

' Bancroft: Jour. Phys. Chtm., 6, 178 (1902); Lash Miller ind Kenrick:

Ibid, 7, 259 (1903).

•v. Bijiert: Zeit. phys. Clicni , 8, 343 (1891); Scliroiiii'ituikcrs: Ihkl., n,

81 (1893); Kentncr: Ibid., 39, 658 (1902); Bancroft: Jour. Phys. Chem., 6, 178

(190J); 9, 558 (1905); Browne: Ibid., 6, 287 (1902;.

• Comptes rendus, 62, S34 (>806).

* Jeanne! sugi,csted the use of iiielud sodium acetate for testing and

standardizing theriiionieters; a note on the suitability of the salt for this purpos^'

will shortly be published.
]
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tK'1iv«lra-

or with a cry.lul of *.«.... iry'" mhIuh.. acitaU

UdsiMliuiii aiTtatcluuliu. ilT»rl
'

, , .. .....

Ahl.o,.Kl. tl.c s«,Kr>aluraU.l solutums of scxlmm acc-

lat. !.avv Lu Mu.lk'l l.y a tar«e nu.nlKr c.f authors amonK

i^ n U.isd.aucr.^ CW,nc..» .U.tt«.r/ •nu..nso„,' ami Haum-

,Kuur.« the co.u,K,sitiou of the- leatUts .IcsinUd ''X J^j"'"
^

11 not y.t 1H.„ a.v.rlau.c.1 with ^^^^^^'y
'

"^^^J^
conuuo..U rcfcra.l t<, in the Ht.raturc as 'a l"-;

f
•*

J^.^

ano (Wrm/,- though without c,uotm« h.s authonls. Kivcs

t n th f>r,u..la A" .11/ ^Na.^IKO; but the- ouK am.lys<s

of which I have. ..en able to fuul any account are Hue to

'^'"This chemist .neUecl the connnercial acetate in a flask

boile.1 the hquid. . los..! the nuuKh of the Aask w.th c^.tton

wool, and draincl the cry tals dep<,sited on cool."R. ^X
^|

iuK the flask. When the cotton was removed the (super

saturated) nmther-Hc,uor sohdified. breaku.g t c flask the

uotxr layer of crystals was then rcn' .ve.. -.lu analyzed.

S tllrflnving^results (in Uxpts. 3 and 4 the meltmg

was repeated)

:

Tauue I

Water l-'ormula
Expt. Percent

I .rs.66
C.,H/),Na 2.52 H,C

.^5-33
" 2.49

"

2 21.33 '^* '.'.

3 18.14
21.05

U
I 03
1.20 "

4 20.04 1. 14 "

S
6

32.6

33-3
11

2 . 20

2.27 "

• nerthetot: Comptes rendus, 77. 975 (1873)-

• !.iebig's Ann., 115. i"^ (i860).

• Jahrestjericht, 1865, 75-

• Jahresbericht, 1867, 39°

• lour. Chetn. !^oc.. 35. t')^ ('87'"

•lour. praVt. Chein.. 104, 449 (!»'•»)•

'Oslwald: I.ehrbuch 11. (2) ,^ilge 770 (1902)

» Comptes reudus, 84. 1.189 (1877).

• Pogg, Ann., 143, 306 (1871).



The "l.&un UydraU" of Sm' '<m Acetate 6.si

Till' iititluir rtniinls liis ix|Hriiinnl-^ ns islaltlisliiii;; Ww
cxist'iuv of till liydiiiUs Cll,( ),N;i II ,< >, 2C,II,(),N;i sll ,< >.

and 2C3lI,(>..Nii.«»ll^(>; in the al»Miui' of jmM.i that his i'i\n-

tals wtTf frif from nioilur liquor, ho\v»v«r, niuili \viii;lit

cannot U- atlaihcil to tlitst nsults. Tin forniatt- and valir
ate of siMliuin mstalli/i- with om- inol of wattr, hut Thom-
son's' ohscivalions that tlusc salts cans* no formation of
crystals in sn|Hrsaturali'd solutions of sodimn .uitatr spaks
against tin- cxistiiuv of a hy<lrali' Cll ,« ),\a ll,( >.

On npiatin),' Jianml's tx|Krinuiits it was at onii ip-

partnt that the "partial nultinn" at sS" C consists in the
complete disapixarance of the crystals of trihydrate, iiul

the formation of a solution and of crystals of a new salt (leaf-

lets); a few more exiHrinients, carried otit after >'\. niaimer
of Zettnov s, showed that both solution and le s, like

the trihydrate from which they were formtd. were slightly

alkaline to litmus. From this observation (which was subse-
quently confirmed with the crystals separated by tlu' centri-

fugal apparatus descrilud by Mr. ('.rien)= it follows that the
leallets cotisist of a neutral acetate of MMlium, hydrated or
anhydrous; as* if they ha«l bein formed of an acid or basic
acetate, either the crystals themselves or the mother-liquor
must have had an acid reaction.

The "partial mellinj,' point" of the trihydrate, then,
must be considered as the t- rnp<ratnri> at which the react ioj.

C,HANa.3H.,0 C,HANa.^H,() -f Solution (/)

is in eiiuilibriuni; in other words, it is a transition point in a
two-component system, and the followinj,'

Considerations based on the phase rule

leau ID a method of determininR the compositiim of the crys-

tals in question without removing them from the mother-
liquor.

As the existence of eciuilibrium in heterogeneous sys-

' I<oc. cit., page 3<n.

•Jour. I'hys. Chem., ij, 655 (1908).
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present, add,..on »' CjH.O^a-H" y q
.^ ^^

uniiKe.y
, -^ j { j^ to assume that reaction n

ItlT^LTSrhe/the new hydrate or the trihydrate

^^Tr^rbe'taren^rrepresent the number of mols of anl^-

dride mixed with A mols of trihydrate, reaction n may be

represented by the following chemical equation:

3^-
3— ^

(C,H,0,Na.3H,0) +>'(C,HANa) =

-:^-?L. (C,H,0,Na.;rH,0) (»0

3 — *

which shows that xy/i^-x) mols of the
;"Y^'l7inlo

disappear, leaving only A-xy/i3-x) mols to enter mto

"'Tdttermination of the residual trihydrate. therefore.

toeettr^StTthe known values of A and y. is sufficient to

deterll^ine" . that is. the composition of the crystals formed

'^^!^J^T£^ tl. amount of trjh^^e

^tS ThtfXiously proportional to the amount

of tr Mrate present; by means of a blank experiment, m

whch the dilatometer is filled with a known quantity of

The pue trihydrate. the weight of that salt corresponding

to one divi^ion^f the dilatometer scale may be ascertained.

. t ffco r,»n«' rule that in a two-component system at

another way of putting Ihts.



The "Lower HydrcOe" of Sodium Acetate 653

Dilatometer measuremeiits

To facilitate the introduction of weighed amounts of

salt into the dilatometer, the bulb of the latter was replaced

by a cylindrical vessel closed by a perforated cork with capil-

lary through which the (dried and air-free) coal oil was sucked

into the instrument; contrary to expectation, there was no
trouble due to swelling of the cork when the whole was im-

mersed in the water bath.

Two sets of measurements were carried out: the first

with 4.040 grams of the pure trihydrate, and the second with

3 -350 grams of a mixture prepared by grinding trihydrate

and anhydride together, heating for some time above 60°,

cooling, and powdering again. The amount of water in this

mixture was determined by heating to 120° until the weight

was constant

:

Weight before heating
Weight after heating

1-7156 g.

1.4460

Tablb II

4.040 g. trihydrate 3-35" g- mixture

Interval Temp. Dilatr. Interval Temp. Dilatr.

Hn. min. div'ns Hra. min. div'nt

— 30 56.6° C 47.0 — 7 57.0° C 123.0— 27 57-0 48.0 — 7 57-5 126.0
— 11 57-5 510 — 5 58.0 131-5— 8 58-0 530 58.5 143-0

3 12 58.5 56.8 Heated to 75°

17 590 227.0 I 4 59-5 188.0

I 10 59-35 229.0 58-8 187.5
I 5 58.7 228.0

56.3 .
220.0 (Interp) 58.0

58.0

i87.omelted

131. 5 solid

(Interp) 58.0 224.5 melted

58.0 53.0 solid Expansion 55-5

Expansion I7I-5

Assuming that the melting takes place at 58° on the

thermometer employed, the first experiment shows that
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the expansion per gram of trihydrate melted is 42. 44 divi-

sions of the dilatometer scale. The expansion of the mix-

ture, 55.5 divisions, corresponds to 1.308 grams of trihy-

drate or 0.009616 mols.
e . A

Thus A-xy/i3-x) = 0.009616. The values of A and

y calculated from the weight and composition of the mix-

ture, are 0.009750 and 0.02346. respectively; from which

it follows that * =. 0.017, or that the composition of the

"x-hydrate"isC,HANa. o.oi7H,0.

The reliability of this result obviously depends on the

accuracy of the dilatometer measurements. The error of

each of the expansions measured is probably at least one

scale division, but certainly less than five divisions; while

even if 5 divisions be added to the expansion of the trihy-

drate and 5 be subtracted from that of the mixture^the

most unfavorable combination—the value of x rises only to

The measurements therefore prove conclusively that

the crystals deposited by the trihydrate on "melting" con-

sist of anhydrous sodium acetate.

The University of Toronto,

June 190S.*

t Read before the American Chemical Society at the Buffalo Meeting

September 1905, under the title "A new use for the Dilatometer."








