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Heats of Solution in Liguid ammonia
Introduaction

Liquid ammonia hus propertles which make it useful and interesting
for making chemjoul and thormodynamic investigations, as has been pointed
out by Frunknnl. and Kluga’.

Theoretical Discussion

Lowls and Nandall® nave surmarised s few of the numerous mothods
of utilizing therral data, such as have been compllod by the various ine
vestigators who have measured heats of solution in ligquid ammonia. We f£ind
defined there (lLoc. cit. Chapt8) a funotion called the relative heat cone
tent, denoted by L, with methode for determining its value. It can be
avalusted by means of heats of solution data.

4 function called the partial molal heat content, denoted H, is de=
fined thue: :
H = 20!1_7, i H; - 5’5’}
where n denotes the mumber of mols, and the subscripts 1 and 2 denote
respectively solvent and solute. To obviate the necessity of knowing the
absolute value of the heat content of a substance & new function called
the relative heut content, denoted by L, is intreduced. L then denotes
faiatlva partial molal heut content. It is the differsnce betwseen the
partial molal heat content of a substunce, and its molal heat content in a
raference state, which here 1s infinite .auuuon.

“hus Ly= iifi:t Ly=Hy=~Hos 4t infinite dilation 1,03 Lg~0.

add dn, mols of a substance xa t0 a solution contalning B mols
ilquid armonia, and ny mols X,:

4 -heat absorbved, 44/dn, partial molal heat of solution.
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d4q = total inoreuse in heat contont.

Hy (8)= molal hout ocontent solid Xge

Hy (8)30y = heut content solid Ly used.

By definition, the inorease In heat content of the solation is equal to
Hgdng.
Therofore dq = Hydny=Hj (4)dng,
A4/dng =Tgiiy(q) =1 = L2(g)e

At Infinite dilation, Iy-=0,

Therefore dy/dng= - La( s

Al conastant pressure, 4@ =df.

From the exlsting data for, for example, ammonium ohlormns the
value of I.a‘., is the value approached by the molar heat of solution as
infinite dilation is approached. For ammonium chloride “z( "zvooo calories.

Thorefore 1, s aH/bn, +7000 calories, where di/dn, is the ordinate of the
curve. Thus for 0,567 molal, Lg = = 6476 +7000= 626 calories.

inowing tt.m valaes of L—E »We Can caleulate the heat of solation of
any amount of the solate in a solation containing any initlal quantity of
solute. The fiRal concentration mast, of course, be within the limits for

which {2 is knowne



. {&)

Apparatas

e same apparatus was used as used by the previous investigators,
eéxcept for the slight change desoribed below.
. During 'tho condensation of smmonia in the calorimeter, the eooling
liguid extends higher than the surfacs of the condensate. There 1s there-
fore a tendoncy for droplets to form on the sldes of the calorimeter inside
“hen the cooling ammonia is pumped down to the level of the condensate, the
droplets have a tendenmoy to evaporate. This phenomenon would give rugln
for the ammonia ovolved that were too high, snd results for the ammonia in
the aalorlmtar‘ thet were correct. |

To obviate this dltﬂoulty.'a flask of mo to 200 cc capacity was
attached to the aystem near the calorimeter. The line to it contained a stop-
cocke The fluak was omzwtod.wiih the rest of the aystum, but was shut off
before distillatlon into the calorimeter was begun. after dlstillation was
complete, the stop-cock was Opened for a short uui and closed again. The
prassure ln gthe system wus thus decroased momentarily, causing the aswmonia

B0 evaporate.

aight of flask £illed with morcary 1920.1 g.
Tolght of empty flask 9.8

Tolght of morcury 1840.0 g.
Volume of 1 g of mereury at 25%, 0.07382 ce.
Volume of flask | 188.9 co.

1 liter of ammonla at 1 .atmosphere and 25°C. wolghs 17.05/24.5= 0,695
Veight of smmonis withdrawn 0.1368x0.,695 = 0.0944 ge
Jeight of ammonis left in calorimeter 24.09-0.00 -£4.80 g.
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Then the bulb contalning the compound whose heat of solution is to
be moasured is orushed beneath the surface of the ilguid ammonia, splashing
0f the liquid sometimes ocours. "hen the liquid strikes the warmer part of &
the calorimeter, it is vaporised and absorbed Just as is the ammonia evolved
from the heat of molution. This gives an abnormally large heat effect, Of
coures & small amount of such splashing entaile = lafgo arror in the resalt.
The reseurch is therofors in serious neod of a method whereby the material
introduced into the solution could be udded slowly. Thies phonomencn is
thought to bo the causse of mny of the anomolous results obtalned in this
ressarche Discussion of Data

“he data contalned herein iz in general mot adequate to pormit the
constraction of accurate curves; in some cuses tho present data, together
~ with the momd r'nulta of provious investlgations, afford intorpretation.
Table I.V Disoarding point 4, and considering B and ¢, one is reminded

of the bshavior of emmls; Mothanol appears to have a negative hsat of

dilation which is Intermediate between thut of ethanol (Loc. eit.] and iee¥.

Table Il. Methyl amine hydrochloride ap ears to have o slight nege
ative heat of dilution. This condlusion is surprising, because this com=
pound is not greatly different in other proporties from avvonlum chloride,
with the exception of the methyl group present,

Table 1il. The dets for ammonium lodide is not snfﬂoi.antly complote
to permit interpretation.

Praparation of Materials

The methunol was dried by refluxing over quicklime, and distilling

Onto anhydrous coppur sulfate. 1t was kept over the copper sulfate, and

distillied into weighed bulbs ae 1t was noeded,
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The mothyl amine hydroschloride was propared by the Hoffman-Beckman
reasction from student preparation acotamide. It was parified by fraotional
eryatallization from 967 ethanol, and pamped dry.

The ammonium lodide was of Baker and idamson reagent purity. It was
#at into wolghed bulbs and pamped L0 & pressure of 30 microns.

Physical Constants
Overstraet and Gimques. have made new determinations of the heat

of vaporisation and hest capucity of liguid ammonia,

By Overstret and (lauque Previously mepted‘
AE = 568 cals/mold AR = B570.6 cals/mol
opz 18.12 cal./mol/dog. Op T18.17 cal. /mol
“he newer values were used for the caleulations here,
Duta
Table I

Duta on Neats of solu;‘.lon 0f Methanol in Liguid smmonia
Tt of ameonia Wt of Mols AT AP Total  Molar
Sample Hvolved Armonla Armonis/ Deg.o Um.Eg Neat Heat
Grame  Grams Grams Mol Moth- Afect uffect
anol cale cal,
1.0447 0.1024 24,78 44,62 0.90 0,0 68,86 1944
1.6028 0,1874 24,70 28,99 1.6 1.0 101.70 2028
0.7647 0,0776 24.81 61,02 0.98 0.0 B6.24 2086



e of
Sample

Grams

Le2820
1.,00:9
0.6541

e 0fF

Sample

Lramg

l.0864
2.7640
*2.1485
*0.06086

{6)
7able 11

Data on Feats of Solutiom of Vethyl amine Hydrochloride

ammonia
Avolved

Grams

01768
0.1025

s 0Of
Amonia

Grams

462
24,71
84,79

Hols AT
Ammonia  Deg.0
per lol
CHg Mg 01
7618 Qabl
97.58 0.77

166.41 Qedd

Table 11X

Ap
Om. g

0.0
0.0
0.0

Total
Heat
iffect
cals
109.06
85.41

45e4d

Data on Heats of Jolation Of inmoninu lodide In Liguld amronia

Ameonia
Svolived

Girams

0.£110
0.9178
0.6740

0.10982

Wte of
am-onla

Grams

24460
25,97
Lietid

LO0.98

Hols AR
Ammonia  Deg.u
por lol
: Hﬂ‘l
204,72 0.04
75484 0.66
96,12 0.01
Vi .48 0.0B

Ap
UmaFg

0.2
1.1

0.0

Total
Hoat
iffect
cale
70.47
¥19.1
249.4

745

Molar Heat

utfect

9904.E
16736
16887
sE8b

“he date murked with the asterlisk (*) was obtuined from rans in

which the previously mentioned flask was ased. The appropriate correction

was made.
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Table i1V
Dats on Feats of Solution of Varlious sleohols in Liguid immonia
Aloohol W, of Ammonis Tt. of lols A AP Total uolar
Jomple “volved ammonila amwonia DegeC FJlg Neat Heat
Grama Grams Grams per ol Wffect uffect
Aloohol cal, cals
Propyl  1.5826 0.0000 24489 5B.47 0.52 0.1 17.47 663
Batyl L3875 Ga0000 24489 70,04 «0.06 0.0 1,99 =106.,8
Bensyl 2,2144 0.0000 24,89 71.82 088 0,0 18,82 Glb.8

Sammary
Nethanol shows an exothermioc heust of solution, &nd & negative

!mn_‘o! dilation Intermediute betwson that of water and of ethanol,
| Trial runs mede on mathyl amine hydrochloride give a hoat of sole
ution of the order of 5600 oculoriss per mol.
“rial rans made upon ammonium loilde give & heut of solutiom of the
order of 10,000 caloriss,
Heasuroments of the heata of solation of various slcohols indicate

that the heat #ffact becames less with ineressing number of esrbon atoms,
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