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THE SOLUBILITY OF SILVER CHLORIDE
By P. C. Dave and K. R. KRISHNASWAMI.

The solubility of silver chloride in water, which at 25° is of the
order of 2 milligrams per litre, is sufficiently great to cause appreciable
etrors in accurate analytical work if not allowed for, while in atomic
weight determinations involving thd precipitation of silver chloride, a
knowledge of the solubility is essential. The relation between the solu-
bility determined by the conductivity method and by other means is
also of theoretical importance and it is therefore not surprising to find
that numerous papers on the subject have been published. Of these
the majority refer to the solubility in water, and very little information
is available regarding the solubility in nitric acid or salt solutions in
which silver chloride is usually precipitated.

The available data for water are shown in Table I, the solubility
being expressed in moles. per litre x 10°. For the purpose of com-
parison, the values at 25° are given in column 6; these when not
recorded directly, have been obtained either by interpolation from the
results at other temperatures or, when these are not available, by
assuming that the change in solubility in the region under considera-
tion is the same as the one found in our experiments.

The variations in these figures are distinctly larger than might be
expected and suggest that factors are present which have not been taken
into consideration when presenting the results. One possibility is that
some of the methods are inherently wrong ar ate subject to constant
errors. A comparison of results obtained by the same method shows
however that this is not a sufficient reason and it is much more probable
that the explanation is to be found in the varying solubility of silver
chloride according to its method of preparation and subsequent treat-
ment. As long ago as 1871, Stas (Compt. rend., -1871, 78,7 1000)
observed that precipitated silver chloride could exist in four different
forms which he designated as gelatinous, flocculent, powdery or granu-
lar. The solubility of these varied from 19mg. /1. for the gelatinous
variety to 0.02 mg./l. for the granular. Alfhough the results obtained
by Stas cannot be considered very accurate and his observation regard-
ing the low solubility of the granular variety has not been confirmed,
his remarks suggest that unless similar specimens are employed for
solubility determinations, the values obtained will not be comparable.

Richards and Wells (J. Amer. Chem. Soc., 1905, 27, 485) ob-
served that if silver chloride was filtered immediately after precipi-
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Solubility of silver chloride

Method

Authors employed
Holleinan ... Conductivity
Kohlrausch and do.

Rose.
Bottger do.
Kohlrausch ... do.

Do. do.
Melcher do.
Van Rossem ... do.

Do. .. E.M. F.
Goodwin do.
Thiel do.
Abegg and Cox... do.

Pinkus and E. M. F. and
Berkolaiko.  Nephelometric.

Scott and Nephelometric ...

Johnson.
Rolla .. Optical
Hill «. Volumetric
Glowezynski ... do.
Whitby ... Colorimetric
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17-51
180
2586
3412
180
180
250
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25'0
250
250
250

250

05

"Tempe- Solubi-
lity

0-97
1-82

0-53
068
1:06
1-56
211
2:82

107

0-39

1'42

050

1:20

160

120

1-07

i water

Solubi-
lity at Reference
25°

1'74  Z. physikal Chenr., 1893
12, 132,

1-50 bid., 1893, 12, 242.

1134 1bid., 1903, 46, 603.
1-86  ibid., 1905, 50, 356.
130 :bid., 1908, 64, 168.

142 J. Amer. Cher. Soc.,
1910, 32, 50.

143 Chem. Weekblad., 1812,
9, 396.

143 idesn.
i'28  Z. physikal Chem., 1894,
13, 645.

141 Z. anorg. Chent., 1900,
24, 57.

1-25  Z. physikal Chemn., 1903,
46, 1.

1°42  J. Chim. physique, 1930,
27, 364.

J. Amwer. Chem. Suc.,
1930, 52, 3586.

1'57  Atti. R. Acad. Lincei.
1913, 22, 2.

160 J. Amer. Chem. Soc.

1908, 30, 74.

120 Kolloidchen. Beih., 1914
6, 147

129 Z. anoyg. Chemn., 1910
67, 108,
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. Solubi-
No. Authors Method Tempe- Solubi-

cmplovad rature  lity h;)sr“at Reference

17 Popoff and Tyndal beam .. 250 1-278 1228 J. Physical Chem., 1930,
Neuman. 1853.

18  Eversole and do. . 250 1-52 152 J. Amer, Chem. Soc.,
McLachlan, 1932, 54, 867.

19 Neuman do. .. 250 1'273  1°273  ibid., 1932, 54, 2195.

tation the filtrate contained 1.5 mg./1. of silver chloride, whereas if
filtration was deferred for several days, the quantity in solution fell
to 1.1 mg./l.  The difference is almost certainly due to aggregation of
the particles and this aspect of the question has been discussed by
Glowezynski (loc. cit.) who pointed out that a decrease in the degree
of dispersion would lower the solubility.

The first seven determinations given in Table I were all made by
the conductivity method, but the first two of them were not carried
out under favourable experimental conditions. Determinations Nos.
3 and 5 were conducted with silver chloride precipitated from cold dilute
solutions and washed with cold water. The conductivity was deter-
mined at closely regulated temperatures and the solution was protected
from actinic light during the experiments. Bottger's value was the
mean of thirty-two separate and concordant determinations and is in
good agreement with the value 1.04 interpolated from Kohlrausch’s
figures. Melcher and Van Rossem’s determinations (Nos. 6 and 7)
appear to have been made with as much care as those of Kohlrausch or
Bottger, but the silver chloride employed was obtained by precipitation
from boiling solutions, washing with hot water and drying. The re-

sults of Melcher are in agreement with those of Van Rossem but not
with those of Bottger or Kohlrausch.

Determinations Nos. 7b, 8, 9 and 10 were carried out by the
electromotive force method, but except in the case of No. 7b no details
are given of the way in which the silver chloride was.prepared. Abegg
and Cox made a large number of determinations and obtained the
value 1.25 x 10-5 M./L. (moles. per litre) identical with Goodwin’s
figure; Van Rossem, however, after a prolonged series of measurements
arrived at the figure 1.43 x 10-S}/./L. identical with the value he had
obtained by. the conductivity method and in good agreement with the
result obtained by Thiel. Tt appears highly probable that the discre-
pancy between the two sets of values is due to differences in the
methods of preparing the silver chloride. The wide difference between
the results of Glowezynski and of Hill who both made use of the
thioeyanate method is probably to be ascribed to the same cause, .
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Scott and Johnson and also Pinkus and Berkolaiko employed the
nephelometric method. The former authors described their silver
chloride as ‘flocculent” but as they worked only at 0.5° it is not pos-
sible to compare the results. Pinkus and Berkolaiko prepared silver
chloride by the addition of a slight excess of 0.1N hydrochloric acid
to silver nitrate solution and boiling the mixture. The precipitate
was washed with cold water and the solubility determined within
five hours of precipitation. Their results by the nephelometric and
E.M.F. methods were in good agreement.

Popoft and Neuman and subsequently Neuman made several deter-
minations by observing the concentration at which the Tyndal beam
due to turbidity just made its appearance. A very high order of aceu-
racy, viz. 1 X 1078M./L. was claimed for this method, and the two
sets of results are in close agreement, but the mean value 1,278 x 105
is at great variance with the figure 1.52 X 10-%obtained by Eversole
and McLachlan under similar experimental conditions. Tt therefore
appears probable that the method involves some source of error which
has not yet been determined.

The available data for the solubility of silver chloride in nitric
acid and sodium nitrate of various concentrations are given in Table 1T.
The concentration of nitric acid and sodium nitrate is expressed in
moles. per litre and the solubility of silver chloride in M./L x 10-%

TABLE 1I.

Solubility of silver chloride in nitric acid and sodium nitrate solutions.

Glowezynski ... 25° HNO,4 0:0005 0°001 001 03
AgCl 118 1'19 1-24 1-54
Eversole and McLachlan.  25° HNO, 0-0238 0119 0-238 052
AgCl 1-54 162 170 2:35
Scott and Johnson ... 05° HNO, 011 024 049 089
AgCl 0628 0698 0711 0732
Mulder .. 15-20° NaNOQ, 0047 0093 0-355
AgCl 67 93 176

The results of Mulder (Die Silberprobirmethoden, Leipzig, 1859)
are very old and the exact temperature is not specified. They serve to
indicate, however, that the solubility of silver chloride is largely in-
creased by the addition of sodium nitrate, and the values are of the
same order as those we have obtained.

The solubility of silver chloride in aqueous solutions of nitrates
has also been studied by Popoff and Neuman (loc. cit.) but their work,
was confined to solutions of very low concentrations of the order
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0.00001-0.01 M. as the object in view was the study of the applica-
bility of modern theories of strong electrolytes to such solutions.

To supplement these results we have determined the solubility of
silver chloride in water and in solutions of nitric acid and sodium,

potassium and ammonium nitrates over a range of temperature from
0 to 50°.

EXPERIMENTAL.

Preparation and purification of materials. —The pure water used
in all the experiments was obtained by redistillation of the laboratory
distilled water from a dilute, slightly alkaline solution of potassium
permanganate. The distillation was carried out in an all-glass appa-
ratus, with a ground-in condenser of fused transparent silica. The
water was prepared immediately before use and stored in bottles of
resistance glass. It was found to be halogen free when tested in a
nephelometer and had a specific conductivity of about 1 x 10~° mhos.

The silver employed for the preparation of silver chloride was of
a high degree of purity (99.996 per cent.) and when dissolved in pure
nitric acid the solution was always clear and halogen-free.

The alkali nitrates were purified by repeated evaporation to dry-
ness with concentrated nitric acid to remove traces of chloride which
were found to be present in some of them. Three or four digestions
with nitric acid always yielded halogen-free material which was then
recrystallised and employed for preparing solutions of the required
concentrations.

The silver chloride required for the solubility determinations was
prepared as follows:—An accurately weighed quantity of gilver
(1.0788 g.) was placed in a conical flask which was provided with a
funnel to collect the spray. Dilute nitric acid (20 c.c. of 1:3) was
introduced into the flask which was then gently warmed. After the
silver had dissolved, the liquid in the flask wag diluted by the addition
of 100 c.c. of water through the funnel, and boiled for about 10
minutes. The liquid was then cooled, transferred to a litre measuring
flask and made up to the correct volume. A solution of sodium chlo-
ride of exactly equivalent concentration to the silver solution, i.e. con-
taining 0.5846 g. of NaCl per litre was next prepared. Equal volumes
(200 c.c.) of the solutions of silver and sodium chloride were mixed
in a stoppered conical flask and shaken vigarously for about10 minutes,
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Shaking was continued for 5 minntes at intervals of 3 hour for a period
of about 10 hours and the flask then set aside. At the end of about
24 hours it was found that the silver chloride had settled completely
leaving the supernatant liquid quite clear and it was possible to pour
off all hut 20 c.e. 500 e.c. of water was then poured into the flask,
shaken with the precipitate periodically, allowed to settle and poured
off.  The silver chloride remaining after four such washings was con-
sidered to be sufficiently pure. When the solubility was to be
measured in nitric acid or a salt solution, a portion of the solution was
used for the last two washings instead of water.  The precipitation as
well ag the washing of the silver chloride was carried out at room
temperature in a room illuminated by ruby light and the precipitated
silver chloride always remained moist.

Tn order to determine the solubility, the moist silver chloride
(0.1-0.2 g.) and the solvent (100 c¢.c.) were kept in separate vessels in
a thermostat at the required temperature for about } hour, after which
the silver chloride was added to the solvent and agitated frequently
with a glass stirrer during 4 hours.  After standing for periods which
varied from 24 to 48 hours a portion of the clear supernatant liquid
was decanted into another vessel kept in the thermostat and used for
determining the solubility. It was found that the solubility did not
vary with the period of standing. For temperatures from 25 to 30°
the thermostat employed was capable of being regulated to within
0.02°, but for higher temperatures the variation reached 0.5°. For
temperatures helow that of the room, a large Dewar vessel containing
cold water was employed and the temperature regulated by slowly add-
ing iced water. In this case also the varation was 0.5°.

Since the solubility of silver chloride in the solvents employed
increases appreciably with temperature it was necessary to dilute all
solutions prepared at temperatures higher than that of the room to
prevent separation of silver chloride when they were cooled for exa-
mination. This was done as follows :—The saturated solution of silver
chloride was added to a known volume of water contained in a calibrated
125 c.c. measuring flask with 0.1 c.c. graduations on the neck until
the level was near the top of the graduations, and the flask was stop-
pered, shaken and allowed to attain the temperature of the laboratory.
The level of the liquid was then read, giving the quantity of 'saturated
solution added, volume changes on mixing being negligible even with
the most concentrated solutions employed. The quantity of water in
the flask was sufficient to prevent precipitation on cooling and was
caleulated from the results of preliminary solubility determinations.
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Estimation of the dissolved silver chlo |
employed for the determination of silver chloride was of the Kober
type with a Klett top-reader. Plain glass cups I(
with opaque glass bottoms contained the solutions dt measutes;
ments of opalescence.

The standard solutions of silver chloride required for comparisons
of opalescence were prepared thus.  2.00 c.c. of the standard silver
nitrate solution was accurately measured by means of a micro-pipette,
mixed with the same volume of the standard solution of sodium chloride
and shaken vigorously. The precipitated silver chloride was just re-
dissolved by gradual addition of a slight excess of very-dilute ammonia
and the ammonical solution so obtained was diluted to exactly 250 c.c.
Rach c.c. of this solution contained 0.00318 mg. of silver chloride. Tn
o few cases where higher concentrations of silver chloride had to be
cstimated, standard solutions with higher concentrations of silver chlo-
ride weve prepared.

The generation of opalescence for examination in the nephelometer
was performed as follows :—An accurately measured quantity (2.00-
5.00 c.c.) of the solution to be examined was introduced into the nephe-
lometer cup, diluted with water (2-5 c.c.) acidified with 0.5N. nitric
acid (1-2 c.c.) and the silver chloride precipitated by slow addition of
1N. sodium chloride (1-2 c.c.) from a pipette, the liquid in the cup
being stirred by a thin glass rod bent into a ring at one end. This
procedure is recommended by Scott and Moilliet. (J. Amer. Chem.
Soc., 1932, 205). An identical procedure was adopted for generating
opalescence in the standard solution of silver chloride. The concentra-
tions of the two solutions were made approximately equal so that the
heights of the liquids in the two cups were of the same order when
measured. All the precautions necessary for accurate work (Richards
and Wells, loc. cit.) were strictly observed.

The results obtained in the various experiments carried out in
different concentrations of the solvent and at various temperatures are
assembled in Tables IIT and IV. The mixed solvents employed in the
experiments detailed in Table IV were prepared by mixing the neces-
sary amounts of the two solvents of known molarities. The table
gives the molarity of each of the nitrates and the solubility S of the
silver chloride.

Each of the values given in the tables is the mean of two or three
independent determinations. In each of these the value was deduced
from at least four nephelometer readings which were found to be con-
cordant to about 1 part in 400. The variation between different defer-
minations was about 0.5 per cent. h

St

P.d by NS
N3326H . |h

14632
The nephelometer, A

1. long provided. .
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TABLE III.

Solvent Molarity 0° 8° 18° 25° 30° 40°  50°
Y Water 049 101 139 169 263 382
HNO 011 0'60 1-51
* 048 071 089 138 164 1'84 398 769
0-81 077 168
1-00 079 174
¢ NaNO, 0:0001 . 169
0-001 o 1-91
0-01 - 2-80
0°05 735
010 135 300 494 101 101 102 108
0°50 135
075 15'5
1:00 171
3-00 17'5
Sat, soln. 184
KNO, 0'10 079 084 142 27y 2:93 430 605
050 . 515
075 " 592
100 693
NH,NO, 0-10 068 082 144 327 328 484 675
0:50 523
075 6-33 .
1:00 7°40
TABLE 1V,
Solubility of silver chloride in mized solvents at 80°,
KNO, + HNO, S. NH,NO, + HNO, S, NaNOQ, + HNO, S.
010 025 2:94 010 025 329 10 025 101
010 050 2:98 010 050 332 010 050 10°2
0-50 025 519 050 025 525 050 025 13'5
050 050 521 05 050 526 0'50 650 138

The solubility of silver chloride in water in the r
increases with rise in temperature but it was
could not be expressed by s

expression

ange studied
' found that the results
parabolic equation of the usual type. The

log S = 001816 t — 0°318

calculated by the method of least squares, 8 being the solubility, fits
the experimental results within the limit of error as shown in Table V.

* The solubility of silver chloride in water at 10° was found to be 0°72.

* The solubility of silver chloride in ¢'1 M, solutions of sodium nitrate at 22 and 23-5° was
found to be 586 and 656 respectively, '

Fig. 1.
18r
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Solvent Y
TABLE V.
. 0 10 18 25 30 40 " 50
gemll: - o 048 073 102 137 1-69 2:56 3-89
caic. ens cas res i . ’ ’ . 8
S found. ... " 049 072 101 13 168 263 382

The addition of nitric acid or.nitrates n sx.nall quax}tities up.to
a concentration of 0.1 M. results in a marked increase in solubility
as may be seen from fig. 1 which shows the results at 25°.  On increas-
ing the concentration, the solubility continues to rise but not nearly
as rapidly as with more dilute solutions. The effect with nitric acid
is the least and with sodium’ nitrate the greatest. Potassium and
ammonium nitrates behave in a similar manner to each other.

The temperature-solubility curves are somewhat remarkable
owing to their irregular nature as may be seen from fig. 2. It will
be observed that in two cases an abrupt rise is found very near to 25°,
As this is the lowest temperature at which an automatically controlled

*
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thermostat was used it was suspected that the discontinuity might be
due in part to change in the method of temperature control, but several
additional determinations made just below and just above 25° in the
hand-controlled bath confirmed the previous results.

Determinations of solubility by the conductivity method .—Several
determinations of the conductivity of silver chloride solutions have
heen carried out from time to time as will be seen from Table I, but
the results obtained do not exhibit satisfactory agreement for the
reasons already explained. We have therefore carried out measure-
ments of the conductivity of saturated solutions of silver chloride pre-
pared under the definite conditions described carlier with a view to
compare the values obtained by this method with those determined
nephelometrically.

The apparatus employed for the conductivity ineasurements was
of the usual type, comprising a Leeds and Northrup bridge. The electro-
Iytic cell was made of pyrex and the electrodes were platinum discs
of about 18 mm. in diameter and 3 mm. apart. The determination
of the cell constant and the calculation of the molar concentration of
silver chloride in the solvent employed were all performed in the usual
manner, assuming that silver chloride was completely dissociated in
solution, and adopting Johnston’s values (J. Amer. Chem. Soc., 1909,
31, 1015) for the equivalent conductances of ions. '

~ The mean value at 25° obtained from three separate experiments
involving about 20 determinations was 1.873 x10~5 M./L. which is
in fair agreement with the value 1.388 x 105 M./ L. obtained nephelo-
metrically. :

COMPLEX FORMATION

The large increase in solubility produced by the addition of salts
points to complex formation, the extent of which can be calculated by
means of the equation given by Pinkus and Berkolaiko (loc. cit.) who
have calculated the degree of complexity of solutions of silver chloride
in potassium chloride. :

According to these authors ifolagy Vi, and [Ag*] are the acti-
vity, the coefficient of activity and the concentration respectively of
Ag* ion, S the solubility and x the degree of complexity.

S=[Ag?] +Srorzx=1 — Las  since[Ag ] =ax
[Ag Vo SneelAg ] e

Since § is known and the values of o4, and Y, may be obtained
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from tables of activity coefficients (Lewis and Randall, Thermodyna-
mics, p. 382) x may be calculated for the various solutions examined.
The results so obtained are given in Table VI.

TABLE VI.

Complexity of silver chloride solutions.

Solvent Conc. Temp. S x 108, Vag. « Ag, x 10% x
NaNO, 01 0 1-35 077 2:27 078
. 18 4-94 " 2'65 093

0-05 25 7:35 0-80 3-27 094

01 ve 10-07 077 2:48 0-97

0-001 30 191 097 14°25 023

001 ’e 2:81 0-90 10-47 0'59

01 ' 10-09 077 341 0°96

01 40 10-23 " 879 0'89

" 50 10°78 vs 17:60 079

NH,/NO, 01 0 0-69 077 4:43 017
" 18 1:44 i 911 018

. 25 327 ’e 7'65 070

- 30 329 ' 10°44 059

- 40 484 ' 186 050

' 50 675 - 28°12 046

KNO, 01 0 079 077 388 0-36
v 18 142 ' 922 016

- 25 271 ’e 921 056

' 30 293 ' 11°71 048

’e 40 430 vs 20°91 037

" 50 618 ' 3068 036

These figures indicate that (1) the degree of complexity is a maxi-
mum at 25°, (2) it is much greater for solutions of sodium nitrate than
for ammonium and potassium nitrales and (3) in the case of sodium
nitrate it increases with the concentration of the solution at constant
temperature.

SUMMARY

1. The solubility of silver chloride in water and in aqueous sotu-
tions of nitric acid and the nitrates of sodium, potassium and amme-
nium has been determined by a nephelometric method over a temper-
ature range 0-50° under conditions approximating to those prevailing
during analytical work. '

2. The solubility in water at 25° has been deduced from con-
ductivity measurements giving the value 1.8378 % 10=5 M/L as com-
pared with 1.388 < 10~*M/L by the nephelometric method.
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3. The solubility of silver chloride in solutions of sodium nitrate
has been found to be much higher than in the other solutions studied
and this is due to the existence as complex ions of a large proportion
of the silver ions. .

We desire to express our gratitude to Professor H. E. Watson for
his constant interest and valuable suggestions during the progress of
this work.
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Linn. By B. Sanjiva Rao. 1. Essential Oil from Flowes-Heads and Stalles
of Jindm{mgon Kunizeanus, Hack, Var. Foveolata, Hack. By B. Sanjiva Raa,
HI. Essental O frum Leaves of Thymus Serpyltum, Linn. By Jagiit Singh
and B. Saajiva Rao. 1V, Essential O} from Leaves of Cinmamomum Zeylanin
cunm, Breyn. By (the late} V. P. Shintre and B, Sanjiva Rao. Price, Re. 1.

Part VilL—~Organic Manure fram Sewange, Town Refuse and Waste Vegetation. By ], Jagan.
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Part IX.~1. Studies in Enzyme Action. Part V. Ageing of Awpylases in Agueous Solution.
By K. Venkata Giri and V. Subrahmanyan. 1. Stydies in Enzyme Action.
Pare VI. Heat Inactivation of Pancreatis Amylase. By K. Venkata Giri. IilL
Studies in the Proteins of Indian Foodstuffs. Part 1V. The Proteins of
Fenugreek (Trigonelia Foenum Grazcum). By V. V. Srinivasa Rau aad M.
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Part X.—Studies in Bridge Formation. Part 1. Attempts to Synthesise Bicyclic Terpene Deri
vatives by a New Method. By P. P. Patel and P. C. Guha. Part I1. Formation
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¢yclobutane-z-one. By P. §. Mayuranathan and P. €, Guha. Price, Re. i.
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Part 1.—-A New Permeameter, By K. V. Karantha. Price, Rs. 1.8, :

Fart If.—Measurement of Pawer Factor and Loss in Dielectrics, By T. J. Mirchandani,
G, Yogauandam, S. K. Roy and N. V, Namyan-ngami. Price, Rs. 1.4,

Part Hl.~Transients in Negative Constant Series Cireuits. By L. ¢. Verman. Price, Rs, 1.4.

Part 1V.—Telephony by Carrier and One Side Band. By 8. P, Chakravarti, Price, Re, 1,
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Part L—Rhaponticin, and Anthfhquinone Derivatives from Rhewm Ewmodi, Wall, (Indian, of

Himalayan Rhubarb). By M. Ghouse Mohiuddia and M. €. Tummin Kaui.
Price, As. 12,

Part HL~—Constitution of the So-Called Dithiourazole of Martin Freund, Part V. Isomerism
of  Hydrazodithiodicarbonamides, Iminothiolthiobiazoles and Di-R-Iminothio.
biazoles. By Shaha L. Janniah and P, C. Guha. Part VI, Isomerism of
Hydrazomonothiodicarbonamides, Iminothiobiazelones and Monsthiourazoles. By
§. L. Janaiah and P. C. Guha, Price, Re. 1-q.
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Part [lI.—Indian Medicinal Plants. DPart . Withania Somaifera. .
By D. N. Majumdar and P. C. Gubha. Price, As. 12

Part IV.—I. The Colouring Constituents of Alkanet Root (Anchuse Tinctors
The Constitution of Alkannin. By Mangesh V. Betrabet and
Chakravarti. II. Note on the Constituents of the Wax from A
By M. V. Betrabet and G. C. Chakravarti. Price, Re. 1.

Part V.—The Velocity of Alcoholysis of Esters of Dibasic Acids. By Z. H. Patel
H. E. Watson. Price, As. 12,

Part VI.—I. Dilatometric Studies in Enzyme Action. Part 1If. Contraction Constants of
Enzyme-Substrate Reactions. By H. B. Sreerangachar and M. Sreenivasaya.
I1. Physiological Products of the Lac Insect. Part I. A Preliminary Iavestiga-
tion. By N. K. Ranga Rao and M. Sreenivasaya. Price, Re. 1.

Part VIL.—1. Studies in the Proteins of Indian Foodstuffs, Part V. The Alcohol -Soluble
. ) Protein of Fenugreek (Trigonella Foenum Graecum). By Y. V. Sreenivasa Rao,
B. N. Sastri and N. Narayana, II. The Mucilage of Fenugreek (Trigonella
Foenum Graecum). By C. R. Harthara lyer and B. N Sastri. ' Price, As. 8;»

Part V111.—1. Contributions to the study of the Spike Disease of Sandal (Samulum Album, -
Linn.), Part XIII. Iavestigation of the Hexone Bases. By Y. V. Sreenivisa
Rao. 11. Contributions to the Study of the Spike-Disease of Sandal (Sanfalum
Album, Linn.), Part XIV. Study of Mosaics Associated with Spiked Areas.
By Y. V. Sreenivasa Rao. Price, As. 8.

Part 1X.—Physiological Products of the Lac Insect. Part II. Investigation of the Water
Soluble Nitrogenous Constituents. By N. K. Ranga Rao. Price, As, 8.

Part . X.—Extension of Michael’s Reaction. Part III. By Tejendra Nath Ghosh -and:
Praphulla Chandra Guha, Price, As. 12, ' PR

Part X1.—Studies in Bridge Formation. Part 1. The Influence of the Methyl and Carbethoxy-
- groups in the Internal Dehydration of gem-Disubstituted Dihydroresorcinal
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Part XIL-Synkthesis of Proteins in Plants. Part 1. Conversion of Nitrates into Protein in
Helianthus Annus, Linn. By. K. S. Varadachar. Price, As. 12

Part XIIi.—Contributions to the Study of Spike-Disease of Sandal (Santalum Album, Linn.)
Part XV. The role of plant acids in health and disease. By A. V. Varadaraja

Iyengar. Price, Re. 1
Part XIV.~—The Solubility of Silver Chloride. By P. C. Dave and K. R. Krishna'swyami.\ o
Price, Re. 1.
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