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INTRODUCTTIOXN

This is my first experience in doing such
Kind of work, and I have come to the coneclusion
that ope should not attempt t0 do research work
unliless he isg f:ea from the rush of ringing bells
and the odligations of ordinary routine duties
of class work. One should work in an atmosphere
of absolute freedom from any external disturban-
ces and should feel that ne has solid twelve
hours et his disposal for the investigation of
the problem he has at hand.

The problem of "3aturated Salt Solution®
has mlluring attractions for anybody who is in-
clined to theoretical pursuits., It can, by no
means, be exhaustively studied in one year; it
is a vroblem that may easily be extended over a
couple of years., I hope some member of the
future generation will carry on the torch.

Before attempting to give a detalled sccount
of gmy work, I should like to express my deep
gratitude to the personnel of the Chemisiry
Deper tment for giving me this opportunity %o

pursue advanced study. In particular, I thank




Prof. W. A. West for vutting his private labo-
ratory at my disposal, for his many heloful
and constructive suggestions, for his conti-
nual coaching and for his design of a special
pipette, described elsewhere, without which
the work would have been impossible or at

loast greatly impaired.
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The present research has an aim the investi-

gation of the solubility relationships of potassium
nitrate and silver nitrate when found simultanouesly
in the same saturated solution; +to find out whethar
the two salts form & double salt or not and If they
do what is the molecular quantity of each constituent

in this double salt,

I, PREPARATION OF PURE REAGENTS AND STANDARD SOLUTIONS.

Pure salts and standard soclutions to be used in

this work were prepared as follows:

l, Preparation of pure potassium nitrate:
The solubility of potassium nitrate is known to be
247 grams per l1l00cec of boilinz water. A4bout 400 grams
of crude salt were put In 300cc of water and bolled,
The salt dissolved completely. The solution was then
filtered while hot to remove Impuri ties., The clear

filtrate was cwoled to room temperature when & very large

amount of the salt crystallized out, The crystals
wers seperated from the saturated solution by sue~
tion, dried between sheats of filter paper and placed
in an electric oven set at 105°C to completely dry.

There wes no need to repeat the process since the ori-

ginal salt was fairly purs,
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2. Preparation of 2 liters of {; N potas-
sium thiocyanate: Potassium thiocyangte is a
deliquescent salt, therefore & standard solution
can not be prepared directly by weighing & de~:
finite quantity. Standardization is done in a
round about method, An approximataely ]]-; N sclu-
tion is made by dissolving 10 grams of ghe salt
in a liter water am this solution is stendardi-
zed against standard silver nitrate solution
using ferric alum as an indicator. So I first
prepared my standard silver nitrate solution,

An approximately %.._ N solution of silver
nitrate is mede by diss:?lv:[ng 17 grams in 1 liter
of water, To standardize this I followed Volhardts
method, namely & definite volume of the silver
nitrate solution is added to a definite weighk of
potassium bromide. A& lerge portion of this silver
nitrate solution goes to react with the potassium
bromide, and a smell excess is left over; this
excess of silver nitrate is detemmined by titra-
ting with potassium thiocyamste, Similary ano-
ther 25c¢o of silver nitrate solution ls titrated
with potassium thiccyanate from these date the

normality of the silver nitrate solution is calcu-



lated and consequently that of potassium thio-
cyanate, 4 list of data and the method for cal-
culation follows: '
Solution pipetted: 25cc silver nitrate (approx.%oﬂ)

Solution in burette: Potassium thiocyanate (approx.% N}
0

1st.trial 2nd trial 54 trial
2d .reading 2242 44 .4 22,15
1t, reading Q.0 2243 0.00
. ¢0 used 22.2 22,1 22,15

therefore &verage volume of KCNS used is 22.15 cec,

Alsc of this silver nitrate solution 25¢c were

added to 0.2757 grams of potassiuvm bromide and the

excess titreded silver nitrate titrated with 1,%7ce

of potassium thiocyam te,

Caloulation:

25c0AgN03:22,.15¢ccKCNS = Xco excess AgNUg:l,72¢cKCHNS
Therefore: Excess AgNOj -'2'32.\.'5 %X 1:.72 = 1,92¢ce

Total AgNOg: 25¢ce
BExcess AgNOa: le92¢cc
AgN0g reacted with {.2757g
KBr: 23,08co

V{AgNOs in ce) x N(of 4gN0;) = Mg.eg.{of AgNO;) =
= Mg.eg. (of KBr)

25,08 x N = 0,2757 x 1000
119,08

&
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Therefore Normality of AgNUy = 0.2757 x 1000 = ,1004
- 139.02 x 23,08

3. Heving thus determined the normality of
silver nitrats we proceed to calculate that of potas-
sium thioocyamate: |
AgNOy KONS
v n . v n
25 1004 22415 x
X =25 X ,]O04 = ,1133 N -
22

- Therefore our standered potassium thiocyanate to

be used in all our subsequent anslytical work is

% N with a factor of 1,133,

0 As a check against this normelity, a 90%
American silver dime was weighed end dissolved in
nitric acid, 4fter boiling, the solution was di-
luted to 1COcc in a volumstric flask and 25ce of
this solution were titrated with oww potassium thio-
cyamate solution, The results obtained and the
calculations made ers as follows:

Solution pipetted: 25¢ce¢ silver nitrate

Solu tion in murette: Potassium thiocyamate, ,1133N
2nd reading 28¢o
1st reading _O

ca used 28co




Weight of $ilver dime: «3800 g
Percent of silver in coin: 90%
Calculation:
+3800g coin = 380 Mg coin = 380x.,90 = 342MgAg
w342 Mg.062, A = 342 Mz.82. 0of KCNS
r

107,88 7.88
V{of KCNB in cc)' x N(of KCNS} = Mg.88. (of KONS)
28 x N =342
*
N= 342 - w1132
107,86x28

£. Prepasration of the ferric alum indieator
solution: 5 grams of iron alum are dissolved in
50cc of water and 50cc of concentrated nitric acid
are added to the solution; the solution is next

bolled vigorously to expel oxides of nitrogen,
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IT. Déscriﬂiog of the Apparatus used in this researoch.

1. A description of the out_fit used in this
research 1s quite appropriate., The comnstant tem-
perature bath consists of a cylindriecal Pyrex
glass jer which permits full visibility of all
lmmersed objects, This glass Jjar measures 30 cmse.
in height and 30 oms, in diameter ami fits an iron
base., Jolned to the iron base is the control box
which ocontains e relay, condenser and resistors.
Fige I. The glass jar is filled with water to
about 10 cms, from the top. In this water is immer-
sed the following units.

&. Tw elsctrical heaters attached to 2
clamps tightened firmly to the rim of the jar.
Fig, 2 and Fig, 3. The heater stamped at a lower

waktage rating is used with the intermittent and
the one with the higher wattage is connected to the

receptacls marked continmous.

&. Thermogtat, The thermostat is a simple

form of the vapor type. Fig. 4., To fill the ther-~
mostet requires a little bit of experience before
one can 4o it succesafully, The tube is inoclined
about 45 degrees. With the dropper, add as much

meroury as the tube will holdq then put the thumb
over the opening and invert{ the iube several times

E






to bring the mercury into the bulb, Refill the
tube and repeat the operation until the bulb is
completely filled and the mercury reaches within
about Smm from ths top of the long tube,

4dd a 1little bit of the sensitive Iiquid in
this remainding part of the tube and leave a little
alr space above it 50 a small air bubble will be
carried into the buldb with the liquid. Place tha
thumb over the end of the tube and invert it %o
allow the sengitive liguid to rise into the bulb,

. Pour the excess mercury carefully out of the long
tube, Place the cap and contsct rod assemlly snd
clamp tc the rim of the glass Jare

ds soon as the cord from the control box is
inserted into the socket and the S$witches of both
continuous and intermittent heaters tworned on, the
signal light goes on. As the temperature of the
bath rises, the veapar changes in pressure and as
the pressnse increases the mercury rises jin the
vertical tube.

To adjust the bath for a definite temperature,
keep the heaters on until the thermometer has almost
resched the point desired., The switch for the con-
tinuous hesater is then turned off and the contact
rod is lowered to the surface of the mercury,. As
this contact 1s made, the relay opens, cutting off



the intermittent heater. This is indicated by the

signal light going off. 4As the tempersature
just cools down the revarse process takes place,
The signal light contlinuously goes off and on
showing the maintensnce of a constant temperature,
For temperatures not higher than 70°C, water
is a convenient bath medium and as sensitive 1li-
quids to put in the thermostat, the following
liguids are suiltable:

Avproximate Sensitive

Liquid Range.
Ether 26=317°C
Acetome 48-600C
Chloroform 53-65°C
Carbon tetrachloride 89-~81°0
Water 92-104°¢

Intermedia te raﬁge-s can be obtained by blending
liquids of ranges lower and higher than the desired
range, Care should be taken not to surpass these
limits otherwise the wapor messure of the snclosed
liquid may push the mercury out of the tbe,

&. Stirrer., 4dequate stirring is essential to

attain unifarmity of temperatuwre throughout the bath.
. To achieve this a stirrer is immersed in the bath

medium and operated by means of a motor clamped to a

veorti cal md.Eﬁ'glequate agitation is thus given all

parts of the bath,
L A thermomster. A short thermameter calibrated







against & standard one is champed to the rim of
the glass Jjar end read by means of s megnifying
glasas, Bach division on the thermometer scale
represents 0,2°. |

€., A flask containing & solution of’salt
mixture, & short glass rod stirrer and covered
with a ecap made of copoer foil % prevent any
water from going into it while the stirrer is
turning) is suspended in the bath, Botk the tap
. of the thermometer and the level of the solution
in the flask should be below the surface of the
water in the glass jar. Fig. 6 shows the canplete
outfit assenbled, and Fig. 7 shows the same assem~
blage without tha flesk and with one heater only.

2.Another indispensable piece of apparatus
used in this wrk is a pipette of a speciel design
intended to suck a certain portion of the solution
after 1t has reached squilibrium at a certain tam-
pergture, TFig.S8.

It is pot longer than 20 cms, so that it can
easily be Imng by means of & platinum wire from the
pan of the balance sand weighed. Moreover at its
widest part it is not more then 3 cms. wids, so
that it cen easily enter into a wide mouth Erlen-~
meyer flask to aick the saturated solution.
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The tip of the pipette is slanting downward
to prevent the escape of the sclution. The lower
partion is mede of thick wlled glass 1mm in dia-
meter to prevent evaporation and the vertieal
upper portion is 5 or 6 mm, in diameter t'o facili=-
tate washing out the content of the pipette with
water, The hoxf zontal buldb is made large enough
to hold 1 or 2¢c of the saturated sclution, The
technique of the use of the pipette will be des-
cribed elsewhere,

Finally to make the list complete, other im-
portant pieces of sapparatus, necessary in the
investi gation of our problem, and which are so fa-
mliar to the reader that they need no further des-
eripti on other them naming them are the following

o An amlytic balance

re & standard pipette and burette

€. 4n electric aven and an electric heater,

3. Before proceeding to & detailed description of
the manipulative processes followed in this re-
search, I should like to say a few words about the
theory ami technique of thermometer calibration,

Precise temperature msasurement demands many
requirments: First, the thermomster tube must be
of uniform bore, Second, glass continues to shrink
vory sl owly over many yearsa, The shrinkage is
vary smll indeed, and does ot make appreciable



difference in the "léngth of the tube, but it
does make a difference in the volume of the bulb,
As time goes on the bulb shrinks to & smeller
vwlune and therefore we get a higher reading,

But the relative readings on the stem remain the
seme, 4As a result of this shrinkage it is sssen~
tial to determine the upward sRifbt of the zero
point, 1.6e,, check the zero point of a given

the rmome ter against & standard one,

Third, glass not only shrinks, but when
‘heated ard cooled, it doss not come back immedis-~
tely to its former condition. For instance, if
the zero point of a thermometer that has been
standing in the laboratory for years is determined;
el if this same thermometer 1s first heated and
cooled and then its zero point determined, the for-
mer and the latter determinations may not agree,
Bscause Manufacturers first heat the themometer,
then cool it and afterwards determine the zero
point, similar procedure must be followed in the
laboratory, to compensate for the fact that 1t has
been standing at room temperature for a long time,

Lastly, if a thermometer is immersed in a hot
liguid whose vapor pressure is appreciable at
higher temperature, mercury may distill off amd
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and when cooled mey condiense in the upper parts
of the tube. Therefore it is wiss to examine a
themometer with a magnifving glass to find out
if any droplets of mearcury have adhered to the
side of the tube,

The calibration wes done according to the
following manner: |

Ice and water exposed to air were put toge-
ther, stirred well to bring the mixture to equi~
librium, The buld of a standard thermometer of
range 0° - 100°C, was immersed in this equilibrium
mixture, If more than the bulb 1s immersed in
the liquid, the thermome ter may not register the
corrsect temverature, for ice is ligh®er than
water and floats on the surface,

4 secar thermometer to be calibrated of
rangs 0° = 55° ¢ was first immersed in weter at
50°C end then allowed t0 ool to room temperature,
The reason why the same precaution with regard to
heating and moling was not taken with the stan-
dard thermometer is because it had alrsady been
used the day hefore and that precaution had been
teken cars of,

By mesans of a rubber bend the standard and
the ordinary thermome ters were fastened together

in such & manner that their bulbs came near each

-
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other am were immersed in the equilibrium mixture

of lce and water. Both standard and ordinary ther-
[+

mome ter read 0 C, Following a similaxr procedure

I obtained the followling results:

Reading of stamd ard Reading of ordimry
Thermome tor, Thermometer.
0° 0°
14° 14,2
29° 29,12
42° 42,1
5ge 58,28
739 7342

In taking the above readings the following
‘precautions were observed:

The two the rmometers are fastened together by
a rubdber bé&nd to keep them as close as possible,

The thermometers were immersed in water up to
the point where the mercury thread rises; in other
words, all the mercury wes immersed in water to
avoid the error of emergent stem,

While teking a temperature reading it is advi-
sable to stlr the water with the thermometers to
avoid any difference of temperature in different
parts of the liquid,

Water serves as a good medium for che cking,
up to 70°#76°, arter that evaporation takes place
80 fast, that a 1iquid of higher boiling point
should be used,

Acoarding to the certificate accompanying tle

%>
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standard the rmometer, some correction must be
applied to its readime. The ceortificate says when
the standard thermome ter mads 25° actmlly the
temperature is 0.1l of a degree lower than what it
is, =0 that the exact tempsrature corresponding %o
the standard thermometer reeding of 25° is 25,1°.
Similariy when it reads 50°, the correct tempere-
ture is 50,1°. At 0° and 75°, the reading of the
standard thermometer is exact wi thout sny correoc-—

tion, Tre following table gives the carrected

standard thermometer rsadings amdl the corresponding

readi ngs of the ordinary thermometer which is to bs
used in the solubllity determinatl ons:

Readings of the standard Corrected rea- Readings

thermome tar. dings of the of the or-
standard ther~ dinary ther-
mometer. mometer.
0 0 0
14 14,1 14.2
29 29.1 29,12
42 42,1 42,1
. 08 58,1 58,28
73 75«0 732

Interpalating for temperatures betwesn 0 and
75° we obtailn the following table:

Reading of the ordinary Corrected ther-
the rmome ter mometer .
0 0
5 5.0
10 9.9
15 14,9
20 19,9
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Reading of the ordimry Corrected ther-
thermome ter (cont.) mome ter (cont.)
25 25
30 30
35 35
40 40
45 45
50 49,9
55 5448
60 59.8
65 64,8
70 89,8
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IIXY. How to find the solubility of potassium

nitrate end silver nitrate.

For the sake of slmplicity I started my
work with potassium nitrate alone and made seve-
ral determinations of its solubility at various
tanperatures., The results are given in the table
following on the next page.

N The results of determine tlons number 1, 4 and
5 are not satisfactory, and the error in all three
is in the same direction, IEvidently the determi-
nation was ﬁade before the solution reached equili-
brium. Moreover, the last two determimations are
especially ilmportent because the solution in
number 8 was brought to satwration by heating it
from a lower temperature to 60.5°, vhere as the
solution of number 9 was brought to saturetion by
saturating it et a higher tempereture and ooling
it to 60.5°. Both determinations gave consistent
results which agree with the interpolated value,
Thae interpolation of the solubili ties at these
difrerent temperatures is made frasm the accompa-
nying graphe

Having thus obtained consistent results and
become acquainted with the technique, I proceeded
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uoowﬂwodmnwawumsa of : Weight of :Weight of :Grems of salf Results In-:

:Determi-:0bserved

tnation :Temperature:Tempera- : Solution.:dxy salt. : Water. :per 100g. of: terpolated :
: No. @ 1 ture., ¢ : m m Water. m from mumu:.m
o1 m 2246 P 225 : 1,106 . .2626 . .8420 : 312 . 35,2 :
P2 i 36.0 i P 1.1638 :  .4124  : o7414  :  55.6 L 56,5 ;
P L 45,2 ¢ 1.0840 : 4811 ¢ .6220 : 7440 . 73,9 :
;4 i 59.2 ;59 © 1.5986 :  .8105 + 7881 : 103 © 106 ;
m 5 i 4d.9 M 44,9 ¢ 1.4097 :  J5867 : 8250 :  71.2 P 3.3 ;
. 8 36.2 P 3602 M 1.3793 M 4975 :  .8818 M 5604 st
m 7 W 28.6 .w 28.6 W 1.4600 W 4444 W 1,0156 w 43,8 m 44,5 .W k
: 8 ! 60,3 m 60,1 m 1,4759 m « 7730 m 7029 m 110 m 110 H
! 9 i 0.3 f 60.1 : 1.3430 : L7066 ¢ ,6364 : 111 : 110 :
: : H " . H H : : 3
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to the actual problem, namely the dstermina-
tion of the solubility of potassium nitrate
and silver nitrate when foumd together, mean~
while postponing the explanation of the method
used and calculations made in finding the
results given in the presceeding table, These
will be sufficiently expleined in connection
with the actual case,

In general, to determine solubility there
are 2 methods, the synthetic and the amlytic,.
The synthe tic method consists in taking a
definite welght of the solvent and adding to
it gradwelly known quentities of the solutse
until no more of it di ssolves at a certain
fixed temperatire, In the analytic method we
start with an already saturated solution am
find out how much solute it contalins., In this
work the emlytic method was followed.

The method used in our work has not been
unifomm throughout, A4s the wrk progressed
difficulties arose, and therefors certain modi-
fications of the method at some points were
imperative, in order to meet these difficulties,
I shall %ry to peint out such changes in method

as theycame along
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1, Preparation of a saturated solution at a fixed

temperature in a constant-temperature bath.

To serve as a gulde in wevaring a saturated
solution of the two salts to start with, I looked
up in the Handbook of Physics and Chemistry, the
solubl 1ity of silver nitrate and potassium nitrate
separately, The solubility both 1n grams per 1C0g
of water anxd in moles per 1CC grams of water is

given in the following table:

Tempera-:RNOs per 100 grs. of Water : AgNOg per 100 Zrs,or water:

tabe. Qrans . Moles —_Grams _____: Moles
P 13.3 : o132 : 122 ? .72 :
P 10° 20.9 P 207 ; 170 : 1 :
! 20 31,6 ;1 o« 222 :  1.30 :
:o30° i 45,8 : 455 300 ; 1.76 :
P w0 : 6349 P .e52 376 . 2,21 :
P osoe 85,5 P 455 P 2.68 :
: 80° : 110 : 1,09 ; 525 : 3409 ;
P w0° 1 138 : : ; E
P s° : 169 ; ; 663 E E
Mol, wt. of AgNO; = 169,888

” "

" m; L] 101.104



Into & 200cc wide mouth Zrlenmeyer flask or
atill better a wide mouth bottle of about the same
size , 75cec of water is put. To this water 1 mole
of each salt mmpely 170 gfams of silver nitrate and
10) grams of Potassium nitrete 1s added. This solu-
tion 1s to be used for a sIubility determination
at room temperature (1647°). Obviously emough of
these two salts will dissolve %o satwate the solu-
tion anifgave behind plenty of undissolved solid of
sach kind,

The <flask 1la covered with a cap, lmmersed in
the bath medium and clamped a&as near the thermometer
as possible to such a depth that the surface of the
solution in the fRask reameins lowsr then the surface
of the water In the gless jar,

Far 0lubility determinations at room tamperature
obviously there i1s no need to use the electric heaters
and the thermostat. The solution with plenty of -
m1lid at the bottom is allowed to stand in the bath
medium overnight to come to equillbrium, The next
day the stirrer is operated to meintain constant
tempsrature am the solution is stirred occaglonzily
with a glass rod to establish equilibrium between
the liguid and the solid phases.

On the other hand if the solubllity determina-

tion is t be made @t some other temperature besides
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room temperature, exactly the same procedure is
followed, except tha t naturally use is made of the
heaters aml the thermoatat. Apple time must be
given t the solution to .come to equilidbrium, 7 or
8 hours my he 1ecessary,

Having made a solubility determination of a
solution which has stood in contaet with its solid
phase for a long time, one may of deciding whether
that solution hed actelly come to equilibrium or
not is to hesk the solution to a temperature higher
than the Pirst ome, more or less saturate it at
this higher temverature ami then cool it from the
high tempsratuwre to the firast one anl reintain the
solution &t this tempverature in comtact with the
solid phase for a fairly long time with constant
stirring and mmke a second determination at the same
tanperature, The two determimtions will agree if in
both conditions the solution had actuelly reached
egquilibrium, In other words, in one case wo make &
saturated solution from a dilute cne by heating it
while it is in contact with the solid phase, ani in
the second case we obtain & saturated solution by
6o0ling a solution ssturated at a higher temperatwure,

Having mmde sure that the solution has reached
ssturation we procsed to suck a sample of it for ama-

lysis,
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2., Suckinz a sample of saturated solution.

The pipette while empty is weiched together with
the platinum wire with which it will be hung from the
pan of the balance., It is put in the electric oven
set at a temperature a faw degrees higher than the
temperature of the equilibrium solution. This is done
in order to prevent the cooling of the solution when
the pipette is inserted in it.

The end of the pipette is closed with the finger
and inserted in the equilibrium solution with the curved
pertlon unmler the surface of the liguid. The air inside
is cooled and as a result the sglution is pushed in
through the capillary end. Previously, however, another
method was used, nemely after the pipette was introduced
into the solution with the external end closed wmith the
finger, sufficient time was allowed for the air in the
pipsette to acquire the same teamperature as the sclution.
This was indicated by the ceasing of air bubbles to
come out from the tip of the pipette., The finger was
removed, and by capillary action the solution was sucked in.

As soon as the lower horizontal bulb is full of the
solution, the pipette is quickly removed and plunged
into ice cold water, this is specially important if the
temperature of the solution is not very high. While plun-
giag the pipvette in ice cold water, care should be Ltaken
to keap the tip of the pipette above the surface of the

water. ) This process c¢cools the pipette and helps to suck in,t
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solutioﬁ left in the cavillary portion of the
pivette. Otlerwise, as soon as the pivette is
taken out of the solution, crystalilization may
take place, and if same of the water goes off the
tip, the concentration would change. DBy this
means end by havirg the end of the tip facing down~
ward, this difficulty is avoided. '
The pipette 1s indined the proper amount and
thoroughly and carefully washed on the outside with
a jet of water, taking csre not to allow any water
coming near the tip of the pivette, otherwise it
would be sucked in, am dilute the solution. After
the washing, the mein part of the pipette is dried
with a towel and the tip aml vicinity with a filter
paper. It is left to stand in the air for a few
minutes to get thoroughdy dry. Next it is hung by
meams of the platinpun wire from the pan and weighed,

3. Propr wy of emptying the pipette.

The content of the pipette is emptied into a
clean weolghed beaksr by blowlng carefully into the
pipette driving out es much of the soiution as pos-~
sible, Distilled water is introduced from & wash
bottle into the pipstte and agein the latter is em-
ptied by gentle blowing, This is repeated ssveral
times and fimelly the plpette is washed on the out-
8ide by 4 recting a stream of water against it,.

&



4, Method of svaporating a saturated solution

to dryness,

The Treaker cmonteining both the solution and wash-
ings is placed on the elsctric heater under the hoad
aml evaporated, Although the slsctric heater was ad-
Justed to deliver the minimum amount of heat, in
order to prevent rapid heating or boiling and thus
cause spattering, yet in spite of this, we found
out that towards the end there was spattering. To
atill minimize &his effect, a plece of thin copper
“wire in the former of a circular loop was put betwsen
the heater anl the beaker to introduce a thin layexr
of air between the two aml prevent diwrect contact,
While the evaporation 1s going on an inverted por-
celain dish supparted on & tripods is placed over
the beaker t prevent any solid material from fal-
ling into it, )

When all treces of visible water disappear, the
beaker containing tie dry rmsidwe is put in the drying
oven set .at a temperature of 110° to dry completely
and kept there at lsast over night, It is then
femoved and left in a des#iﬁcator for several hours
to ool and finalXy it is weighed,

The difference between the weight of the besker
conteining the dry solute and that of the empty beaker
gives the weight of the selute, Likewise, the 4if-

Iz
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ference betwean the weight of the pipette contal-

ning tle solution and that of the pipette when

aupty gives the weight of the

solution.

Subtrac-

ting the weight of the solute from the weight of the

solution, we ocbtain the weight of the solvent water,

Se B
f‘?aight of pivette + platinum wire -
+ solutlion = 13,5480 g.
" u‘% H"m_ + L n =t 1192464 s.
Hence, weight of solution = 2,3016 g.
Weight of beaker + solute = 48,3588 g.
] " " ’ - 46:9690 Eo
Hen oe, weight of solute - 13908 g.

The weight of the solute, mamely, 1.3908 g., is

made up of the welght of 2 solids, potassium nitrate and

silver nitrate, To find the weight due to each onse,

we proceed as follows:

5, Determinatlon of the silver nitrate content.

We add to the dry residue in the beaker a few

cg of water to dissolve 1t,

Tre solution is poured

into & 100co volumetric flask, the besker is rinsed

several times, and washings added to the flask;

enough wgter is added to make the volume 100cec., 25co

¢f this solution is pipetted and titrated with our

standard potassium thiocyanate solution in order te

determine the st lver nitrate.

31
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6. Determination of the potassium nitrate content.

To another 25ce¢ solution, HCl 1s added to precl-
pitate the silver ions as silver chloride. This preci-
pltate is filtered of f, or rather decanted, weshed
thoroughly and filtrate and washings received in a
weighed beaker, In vrecipitating the silver ions,
in order o effect & separation from potassium nitrate,
an lmportant difficulty is met with. Some of the
silver chlioride reama ins in the colloidal state and
the refore passes into the filtrate along with the
i;otassium chloride, One suggestion to meet this 4dif-
ficﬁlty 1s o a8dd a smell amount of very dilute nitrie
acid (4O4N) to the soluiion to help coagilate colleidal
silver chloride. But this was of ’no avail. &8ilver
cdrloride lms an appreciably more solubility st higher
temperatwre than at room temparature and therefore
th ough heating renders the solution clearer, on
cooling, the flltraete will deposit some of its dissal-
ved silver ailorid s, thereby increasing the weight
of tha potassium chloride, which will be obtained on
svapOrating the filtrate to dryness. The best way
is to precipitate the silver ions and allow the heaker
%o stand over night in which tims the colloidal partic-
les will settle,

To the clear riltrate more HClL is addsd to com

pletely convert all the potassium nitrate to potassium

E
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chloride., As ususl the filtrate is evavorated on

the elactric heater, dried in the oven, coolsd in

the des%jﬂcator and welghed to find the quntity of

KCl. TFrom the results of the volumetric titration

and from the weigh# of potassium chloride obtained,
the welght of silwver nitrate and potassium nitrate

are ocalculated resvectively., The sum of these 2
wolights must agree wilth the coriginal weight of the
golute, namely, in this case 1,3908 grams, obtained
by direct evaporaetion of the taken solution. The fol=-
lowing examples are illustretive of the methods of c¢al~
culation.

7. Examples of methods of calculastion,

Weight of solution taken = 2,3016 g.

" " gsolute contained in this
sclution = 1,3908 g.

VYolume in which above solubte dissolved = 100ce

Volume of solution plipetted . = 2bece
Solution in burette: KCNS = o1 N, 1433

2nd reading: 31.8
i1st reading: 20,0

ca ussd 11.8

11.8X01x1,133 = Mg.68gs Of KONS = Mg.eg.0f {’ND,
Hence, 11.8X.1x1.133x169.868 = Mg, of AgNOs contained in 25¢

o - "5,
Therefore, 1l1l,;8x,1x1,135x169,888 x 100 = grams of 3
’ 1600 . “found in 160ce
of above sclution.

I
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As 0 the weight of potassium nitrate:
Volume of solution plipetted = 25ce

Woight of KC1 found in this
volume = 0916 g

Hence, ,0916 x KNOg X 100 = 0916 X 101,104x4 = ,4969gr.c
KT B 74,558 |

* :
mg faund in:
10000 '

Sum of the weights of 2 salts = 9085 + ,4969 = 1.4054g
Weight o the water in the sample = 2,3016-1,3908 =
=.9108g
Grams of AgNOg per 100g of Hg0 = ,9085x100 = 99.75
-

Grams of KNOy per 100g of Ho0 = o4969x100 = 54,56
»

Or to put these results in the form of a table, we

obtain the table on mext page.
8, Modified method of analysis.

This me thod of procsdure, however, was soon abendoned
for 2 reasons, In the first place it was observed that
on heating the equilibrium sclution of the 2 salts to
dryness, part of the silver nitrate underwent decomposition
into silver oxide, Second, it is rather a long method., To
obviate tiese 2 difficulties & modi fied method was followed,

The modification consists in the following: After
sucking a sample of the egquilibrium solution and weighing
it, rather tian evaparate it and find the weight of the
s0lid mixture of the two salts anl then dissclve in 10QQce
of water, I say rather than do this, dillute the weighed

sample of the equilibrium solution directly to a definite

=
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10bserved :Correct-:Weight iWeight of:Weignt  :Weignt of :Welght of: Sum T OTams of:Grams of

:Temperat.:ed tempe: of :dry mix~ : of : Silver :Potassium: of :Silver :Potassium:
: sproture. :Solution :ture of : Water - Nitrate : Nitrate: 2 salts:Nitrate :Nitrate @
: : : t Saelts. @ : : : :per 100g:per 100g :
H H : : : : H : : water : water. :
: : m \ m - : : : :
s 168.7° ¢ 16.68° : 2.3016 :1.3908 T #3108 @ L9085 ; #4969 : 1.4059 : 99.75 : 54,56
: : : : : : : : : . :
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volume in a volumetric flask, without determining the
welght of the solid mixture of salts first, and then
continue as before, It is tkue we lose a valuable

check but we gain time and obviate & possible source

of error.
With this new procedure, the only change in the

method of calculation would be in finding the weight of
the water in the removed sample of equilibrium solution
The weight of the water would be squal to the weight
of the sample solution minus the sum of the weights of
the two salts, In the first method the weigh& of the
-m_;ter was squal fo the ‘weighs& of the solution minus the

welght of the dry mixturs after evaporation.
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IV, BHResults of solubility determinations using a

solution satarated with reswmwct to both salts,

l. Following this rew method of procedure I mmde
taree solubility determimetions at 18°, 28.8° and
3642°., The solution used in mking the determination
at the hignest tempersature contained 345 grams of
silver niltrate amd 126 grams of potassium nitrate in
75ce water, i.eo it contained 27,07 moles of silver
nitrate and 16,61 moles of potassium nitrate per 1000 grs.
water. The results are tabulated on the next vage
and repfesented on the graﬁ}h following page 36,

In addition, the data taken from the Handbook of
Physios and Chemistry concerning the soliubility of silver
nitrate end potassium nitrete. separately,given on page 18,
af: plotted and from the graphs of the solubility of
gilver nitrate and potassium nitrate, we interpolate for
the solubilities of these 2 salts at the above mentiouned
three temperatures. Tiese results, for the sake of com-
parison, are given in the above mentioned table.

By studying this table, we observe this important
fact that the presence of the two salts together in
the same saturated solution increases the ‘mutual golubi-
lity of each 8alt,

Having established this faet, our next attampt is to
fimd the effect of progressively increasing amount of

potassium nitrate on the solubflity of silver nitrate at

-
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AgNOs (moles per 1000g Hy0)

.

the three above mentioned tempseratures. Room temperaturs,
howsver, being a fluctuating one depending upon the
season, it was impossible to reproduce another deter-
mination at exactly 18°, Times had changed and so the
room temperaturs determination was in the vicinity of
20 and 21°,

2. Taking as an example the data so far obtained
relating to the isothermal at 31.2°, for convenience
sake when reduced to a smaller scale and plotted, the
goeneral shape of the resulting curve will be represented

by‘ona of the following 2 possibilities:

\\
\‘D
B
B z
A RN
\\.
S
)
%
c c
KNOz (moles per 10002 Ezo) KNOx
Graph No. 1 Graph No. 2
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In graph No. 1, the area included between the 2
cwrves and the 2 axes represents an unsaturated solution
of potassium nitréte and silver nitrate, i.,e, it stands
for the existence of ome single phase., Above the curve
AB solid silver nitrate alone exists and similerly to
the right of the eurve BC solid potassium nitrate alone
exists, Any point on the curve AB except points A or B,
and any point on the curve BC except points B or C repre-
sents 901id and liquid phases in egquilibrium. Point B
is a triple one where so0lid silver nitrate, solid potas-
sium nitrate and their saturated solution coexist,

| In graph 2, again the area bounded by the three
curves and 2 axes stands for an unsaturated solution.
Above AD solid sllver nitrete aslone exists and to the
right of .CB solid potassium nitrate alone exists and
above DB the double salt in the solid state alone exists,
Moreover ourve AD stands for solid silver nitrate in
equilibrium with a satureted solution,- ourve. CB stands
for solid potassium nitrate in equilibrium with a satu-
rated solution amd ocurve DB stands for solid double salf
in equilibrium with a saturated solution. Points D and
R are triple points. D represents the co-existence of
solild silver nitrate, soclid compound salt amd solution
i.8. three phases and B represents the co-exis tence of
s0lid potassium nitrate, solid double salt and solution.

For the curve DR, adding more potassium nitrate, for
instance, will result in decreasad solubility eof silver
nitrate, and the point B will shift down the line;



unlike the case represented in graph No, 1 where the
point B remains fixed, no matter how much solid excess

of either salt is added. To find out which one of the

2 grephs represents the true state of affair in our
problem, we need further data and we direct our attention
now to the accumulation of more data confining ourselves

to the region between A and B.



V. Dotermination of the solubllity for a solution

gsaturated in silver nitrate and uvnsaturated in

potassium nitrate.

Qur next drive 1s to determine the solubility for
a solution saturated only with respect to silver nitrate
and unsaturated with respect to potassium nitrate and to
ohserve the effect of uniformly and progressively increa-

sing concentration of potassium nitrate on the solubility

3 b g A 4 A R o e - e
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of sllwver nitrate,

1, Preocedure,

- .-« To an exeetly 100co of distilled water placed in a

T o e i
RO T h

wide mouth 250co bottle 448 grams (2,64 moles) of silver
nitrate are added, This quantity of salt is enough to
saturate the solution and leave behind an excess, this is

true, at least, for the lowest 2 temveratures out of the

three we are investigating. ¥o the above saturated
solution .2 moles (20.22 grems) of potassium nitrate are
added, put in the constant femperature both, allowing
enough time to come to equilibrium at room temperafure
(20.1°), A sample is removed by mesans of the pipatte

and the amount of silver nitrate in the sample is deter-
mined volumetrically as-usual. The determination of the
potassiﬁm.nitrata, however, is no more done in accordance
with the usual method, but is determined from the known
concentration of the potassium nitrate solution. Thus,

the weight of silver nitrate is subtracted from the weight of
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the solution, the difference represents the weight

of potassium nitrate solution, We want to know how

many grams of this solution are dwe to solid potassiun
nitrate and how many to water, This we can find oﬁt
from our knowledge of the concentration of potassium
nitraete, We lave been using 100 grams water in which

we placed .2 moles or 2 x 10l,l1 = 20,22 grams of potas~
sium nitrate. Therefare the factor for potassium nitrste

in the potasslium nitrates solution is 20,22 = 20,22

This factor is multiplied by the known weight of the
potassium nitrate solution mentioned above, The pro-
duct equa lm the welght of the solid potassium nitrate
in the sample.

2¢ Illustrative exenples of celculation.

The following example l1lliustrates the method:

Weight of semple teken at 20,1° = 2,7252

ol * gilver nitrate in the
semple = 1,6740

Therefore, welght of potassium
nitrate solution = 0,85138

But Tor a solution containing 20,2 grams potgssium nl trate
per 100 grems of water, the factor is 20,2
120,2

Hence, weight of potassium nitrate in 0.8512 grams of
solution = 8512 x 20,2 = ,1432 g,
IR
Sum of the weights of the 2 salts = 1.,8740 + (1432 =
 J 2.01?2 gn

#{ ¥
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Welight of the wadter in the sample =

Grams of AgNOs per 100 g HaO = 1.8740 x 100 = 264,89
.70

Grams of KNOg per 100 e Hg0 -.;1ggaxloo = 20,08
~The last answer checks up nicely with the known

concentration of potassium nitrats,

Bafore proceeding further ,7080 grams of water

and ,1432 grems of potassium nitrate are added to the
bottle to make allowance for the quantities removed in
determining the silver nitrate, thus restoring the solu-
tion ta a cong;hmration of 42 moles potassium nitrate

per 109 grams of water. This allowance is mede at the

end of each determination before proceeding to & new one

. by adding the calculated quantities of potassium nitrate

and water, _

Similarly, another »2 molss of potassium nitrate
is added, solution brought %o eguilibrium at room tempe-
rature (81.6))&t 28,80 and at 56.22 following tﬁe same
procedure, in each case silver nitrate is determined
and potassium nitrate calculated, The factor of potas-
sium nitrate for this concentration is 40,4 .

146.1

Again another ,2 moles of potassium nitrate is -
added, mking in all a total concentration of +6 moles
of potassium nitrate per looaﬂmThia quantity of potés-
sium nitrete with reference to room temperature would
meks a saturated solution and since our lnvestigation

is conocerned with a solution which is unsaturated with ’
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respect to votassium nitrate, we therefore omit
the room temperature determination and confine owr
wrk to 2 determinetions, one at 28.8° and oms at
36.42°.

Firelly o1 mole of potaxsium nitrate is added
meking a solutlion oontaining ,7 moles of the salt
in 100 grems of water, A determination at 36.3
only is mede. The factor for potassium nitrate in

this concentration is naturslly 70,7 .
. 170.7

This mekes in all 7 determinations, the results
of whicﬁ are glven in the table on the next vage,

3, Tamlation ani gravhing of results,

Again we notice a successive increase in the so-
lubi1ity of silver nitrate because of the presence of
potassium nitrete, and at the same temperature, the
20 lubility of sliver nitrate increases &s the céncentra-
tion of potassium nitrate increases, €.g2., &t 28,8° when
4 ﬁolas of potassium nitrate per 1000 gr. of water arme
present, the solubility of silver nitrate is 18.84 moles
per 1000 grams of water and when 6 moles of the salt
are present at the sams temperatwe the solubility of
sllver nitrate rises to 21.36 moles per 1000 gr. of water.
The data represented ln the above mentlioned table are
plotted on the ®1llowing greph, The biue color stends
for an isothermel at 17.9°, the red for 28.8° and the

gresn far 36,2°,

4“7
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If time wermitted, it would be most enligzhtening
to start from the other end by reversing the nrocess,
namely, by adding gradually increasing amounis of silver

nitrete toc a golution saturafted with respect to potassium

nitrats,

CIICLUSICN: -

“ow coming back to our ressach vroblem as stated on
page 1, namely, the investization of the solubiliiy re-
lationshipns of notassium nitrate and silver nitrate when
found tozsther in the same saturated sclution, and finding
out whather & double salt is formed or not, and if such
a salt is formed what is it%s molecular structurs; in other
words stated gravhicaelly, whether zraph Mo, 1 ar zraph Fo,

aw poqe 30
rrepressnts the true state of affairs, from the jreliminary
data thus far obtained we can draw no definite conclusions.:

In as much as the solubility of both compounds is
increased when found in presence of each other, it is
evident that such a double salt of a higher sclubility
than either constituent is formed.,

Moreover, as to its molecular sructure the excess
-which is the compound salt- left over in the three
determinations given in the table following vage 29 is
as follows: the ratio in moles of silver nitrate to
potassium nitrate in dterminetion No, 1 is 10,75 to 12.02,
in No., 2 1t 1s 7,83 to 9.19 and in No. 3 1t is 1.91 to 3.47
respectively, From these results no conclusion can be drawn}
In ell three cases, however, the compound has more potassiur

nitrate than silvexr nitrata,



