
CIHM
Microfiche
Series
(IMonographs)

ICIMH
Collection de
microfiches
(monographles)

Canadian Inatituta for Hiatorical Mkroraproductiona / Inatitut Canadian da microraproductiona hiatoriquaa



Tachnical and Bibliographic Nota$ / Notat tachniquas et bibliographiquat

Tha Imtituta has anamptad to obtain tha bast original

copy availabia for filming. Faaturat of thit copy which

may ba biMiographically uniqua, which may altar any

of tha imagas in tha raproduction, or which may

significantly changa tha usual mathod of filming, arc

chackad balow.

Colourad covars/

Couvartura da coulaur

Covars damagad/

Couvartura andommagia

Covars rastorad and/or laminatad/

Couvartura rastauric et/ou palliculte

n
D
D
D

D

Covar titia missing/

La titra da couvartura manqua

Colourad maps/

Cartas gtographiquas an coulaur

Colourad ink (i.e. othar than blua or Mack)/

Encra da coulaur (i.a. autra qua Maua ou noirat

Colourad platas and/or illustrations/

Planches et/ou illustrations an coulaur

Bound with othar material/

Relie avec d'autras documentt

Tight binding may causa shadows or distortion

along interior margin/

La raliure serrie peut causer de I'ombre ou de la

distorsion le long de la marge intirieure

Blank leaves added during restoration may appear

within the text. Whenever possible, these have

been omitted from filming/

II se peut que certaines pages blanches aiouties

lors d'une restauration apparaissent dans le texte,

mais, lorsque cela itait possible, ces pages n'ont

pasM filmies.

L'Institut a microfilm^ le meilleur exemplaire qu'il

lui aM possible de se procurer. Les details de cet

examplaire qui sont peut-4tre uniques du point de vue

bibliographkiua, qui pcuvent modifier urw image

reproduite, ou qui peuvent exiger une modification

dans la mithode normale de filmage sont indiqufa

ci-dessous.

Coloured pages/

Pages de couleur

Pages damaged/

Pages endommagies

Pages restored and/or laminated/

Pages restauries et/ou palliculics

HJr discoloured, stained or foxed/

Pages dicolories, tachatics ou piquaes

Pages detached/

Pages ditachies

HShowthrough/
Transparence

D
D

Quality of print varies/

Qualite inigale de I 'impression

Continuous pagination/

Pagination continue

Includes index(es)/

Comprend un (des) index

Title on header taken from: /

Le titre de I'en-tlte provient:

Title page of issue/

PaiPage de titre de la livraison

Caption of

Titre de d«

issue/

depart de la livraison

D Masthead/

Generique (periodiques) de la livraison

Additional comments:/

Commentaires supplimentaires:

This item is filmed at the reduction ratio checked below/

Ce document est filmi eu taux de rMuction indiqui ci-dessous.

10X 14X 18X 22X 26 X 30X

y
12X 16X 20X 24X 28X 32 X



The copy fiimad hart has b««n raproducad thanks
to tha ganarosity of:

L'axamplaira film4 fut raproduit grica A la

g4n4rosit* da:

Unt varsity of Toronto Arch Was University of Toronto Archives

Tha imagas appearing here are tha bast quality

possible considering the condition and legibility

of the original copy and in keeping with the
filming contract specifications.

Original copies in printed ^aper covers are filmed
beginning with the front cover and ending on
the last page with a printed or illustrated impres-
sion, or the back cover when appropriate. All

other original copies are filmed beginning on the
first page with a printed or illustrated impres-

sion, and ending on the lest page with a printed

or illustrated impression.

Les imeges suivantes ont ttt reproduites avec le

plus grsnd soin. eompte tenu de la condition et

da la nattett de I'exempleire film*, et en
conformity evec les conditions du contrat de
filmage.

Les exemplaires origlnaux dont la couverture en
pepler est imprimis sont filmte en commen^ant
par le premier plat et en terminant soit par la

darniire page qui comporte une empreinte
d'impression ou dlllustration, solt par le second
plat, selon le cas. Tous les autres exemplaires
originaux sont filmte en commenpant par la

premiere page qui comporte une empreinte
d'impression ou dlllustration et en terminant par
la derniire page qui comporte une telle

empreinte.

The last recorded frame on each microfiche
shall contain the symbol ^»> (meaning "CON-
TINUED"), or the symbol (meaning "END"),
whichever applies.

Un des symboles suivants apparattra sur la

derniire image de cheque microfiche, selon le

ces: le symbols —^ signifie "A SUIVRE", le

symbols Y signifie "FIN".

Maps, plates, cherts, etc., may be filmed at

different reduction ratios. Those too lerge to be
entirely included in one exposurs are filmed
beginning in the upper left hand corner, left to

right and top to bottom, as many frames ds
required. The following diagrams illustrate the
method:

Les cartes, planches, tableaux, etc., peuvent Atre
filmte A des taux de reduction diffArents.

Lorsque le document est trop grand pour Atre
reproduit en un seul clichA, 11 est film* A partir

de I'angle supArieur gauche, de gauche i droite,

et de haut en bas, en prenant le nombre
d'images nicessalra. 'Les diagrammes suivants
lllustrent la mithode.

1 2 3

1 2 3

4 5 6



MKaOCOPy RBOUITION TBT CHART

(ANSI o,id ISO TEST CHART No. 2)

j4 ^^PPLIED IiVHGE In

1653 Eost Mcin Street

J'ffi'?*'!''
•*" ""^ '««> US*

(716) 482 - 0300 - Phone
(718) 288 - M89 - fa.



UNIVERSITY OF TORONTO
STUDIES

PAPKRS FROM THK CHHMICAI.
LABORATORIES

No. 79: THE INDUCTION BY FERROUS SALTS OF THE
REACTION BETWEEN CHROMIC AND HVDRIODIC ACIDS.
BV Ross A. GORTNER

(Reprinted from thk Journal of Physical Chemistry. Vol. Xl>

-' S'

\<-
^»V.

^4i^h '

THE UNIVERSITY LIBRARY: PLBLISHEI BY
THE LIBRARIAN. 1908



TUnivcrsit^ of tCoronto Stubiee

COMMITTEE OF MANAGEMENT

Chairman: Robert Alexander Falconer, M.A., Litt.D., LL.D., D.D.

President of the University

Professor W. J. Alexander, Ph.D.

Professor W. H. Ellis, M..\., M.B.

Professor A. Kirschmann, Ph.D.

Professor J. J. Mackenzie, B.A.

Professor R. Ramsay Wright, M.A., B.Sc, LL.D.

Professor George M. Wrong, M.A.

General Editor: H. H. Langton, M.A.

Librarian of the University



THE INDUCTION BY FERROUS SALTS OF
THE REACTION BETWEEN CHROMIC

AND HTDRIODIC ACIDS

BY ROSS A. GORTNER

KtprinUi from tht Journal of Physical Chtmislry, Vol. 13, No S, Novtmdtr, p. 6)2 (tloS)







.m

THK INDUCT. *I BY FURROUS vSAI.TS OF THIv RF:

ACTION HUTWFUN CHROMIC AND IIYDRI-

ODIC ACIDS.

BY ROSS A. GORTNBR

The reaction iKtween chromic acid, ferrous salts and

hydriodic acid, studied here some years ago by Miss C. C.

Benson,' presents many points of interest which invite further

investigation : the great influence of the acid concentration on

the rate, the retarding action of ferric salts, and the observa-

tion that less iodine is liberat-rd per second at 30° C than

at 0° C, are all most unusual. Mr. Green's work on catal-

ysis by ferric salts, recently published,' which shows that

nothing similar to the retardation observed by Miss Benson

is to be met with in the behavior of reactions otherwise closely

analogous, adds interest to this exceptional case.

My own measurements, descri'ied "n the present paper,

show that the lessened retardption ^served when "aged"

portions of the oxidation protluct were added to the reaction

mixture is quantitatively ascribable to the hydrolysis of the

ferric salts, a id that colloids and colloidal ferric hydrate

in particular have but little effect on the rale. Sulphuric

acid may be replaced by hydrochloric acid without chang-

ing the general nature of the results, but the addition of

fluorides, chlorides or bromides retards the liberation of

iodine and accelerates the oxidation of the ferrous salt. This

observation may be accounted for very naturally by an ex-

planation in keeping with Miss Benson's Ferroiodion theory;

it may therefore be regarded as furnishing independent evi-

dence in support of the latter. Miss Benson's observation

that the rate of liberation of iodine at 30° C is less than at

0° C, is confirmed and supplemented by experiments which

show that the rate of oxidation of the iron is greater at the

higher temperature.

• jour. Phys. Chetn., 7
• Ibid., u, 389 (1908.'-

•903); 7. 356 (1903); 81 «i6 (1904)-
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Method of working and of reoordingr the results

III till' (oiitposition of llit- solutions, in the imtluxls «if

numipitlation, and in the tenijKrutiiRs worked at, I closeiv

followed the details deserilKd by Mi s Henson;' and after a

little praetice f«)uiHl that on rejK-atinj; her exjKrinients I

obtained i(lentii.-al results. In tabulating,' the measurements,

also, the symbols and arrangement deserilu-d on pa^e 35<>

of the pajK-r referred to have been adopted;- for eonv.nienee

it may be repeated here thr.t the nutnlK'rs after tlu' symlx's

Ac, Cr, KI, l''e, are very closely proporti<mal . the nuinf

of eciuivalents of the various reagents present in the reaetiv

solution HMie formula-weight of bichromate beini; eciuiva-

lent to seven of sulphuric acid and to six of ferrou ..u'.phate

or jKJtassium iodide.

To facilitate ref»-rence, my tables v ' experiiiieiits are

numbered consecutively with those of Miss Henson's last

paper.

Effect of chlorides, bromides, and fluorides on the rates

When hydrochloric acid is substituted for sulphuri

acid (Table XXXVI) the rate oj liberation oj iodine is some-

what reduced, but still remains proportional to a hij;h power
of the concentration of the acid. The retardation cannot

be ascribed lo the action of the ferric salt, for, as is shown on
page 636, ferric chloride and ferric sulphate have the same
effect on the rate; it is explained by the experiments of Table

XXXVII, which show that addition of sodium chloride, potas-

sium bromide, or potassium fluoride reduces the rate of libera-

tion of iodine; potassium sulphate is without effect.

' Ac 10 represents loccof o.ojg F sulphuric acid (i.e., iicid containing

o.DSo formula weights H^SO, per litre); Cr 10, 10 cc of 0.0083 I" liotassiuni bi-

chromate (including unreduced bichromate, if any, in the oxidation product);

KI 10, 10 cc of 0.0479 F potassium iodide; Fe 1, 10 cc of 0.05 F fern,us sulphate;

Ox 5, the product of oxidation of 5 cc of 0.05 F ferrous sulphate. The dura-

tion of the reaction in minutes is entered in the tables under 8; thi umber of

cc of N/ioo sodium arsenite equivalent to the iodine liberated, under As; and
the number of units of ferrous salt oxidized, under x, lo cc 0.05 F ferrous

salt being taken as the unit. As = sy.

" Jour. Phys. Chcra., 7, 357 (1903).
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The measurements of Tible XXXVIII' show that the

rate of oxidation oj iron is increased by addition of fluoride.

These observations may be explained very naturally by as-

suming that the halogen and the ferro-ion unite to form a

complex FeF' (analogous to the ferroiodion Fel' of Miss

Benson's hypothesis);' this substance on oxidation would

yield ferric salt but no iodine, the induction factor should

therefore fall off with increase in the concentration of the

fluoride, as observed. To account for the increased rate

of oxidation of the iron, it is only necessary to assume that

the complex FeF' is more rapidly oxidized than Fe' (or

Fel')-

The effect of colloids on the rate

The fact that under certain circumstances ferric hydrate

can exist in the colloidal form, suggested experiments with

other colloids. Agar-agar in one-tenth percent solution has

no effect. Egg albumen, two-tenths percent solution, re-

tards the oxidation, but this is probably due to its action

as a weak base,' the retardation being proportional to the

amount of albumen used. "Dialyzed iron" (colloidal ferric

hvdrate) retards a little, but nothing like as much as the

same quantity of ferric sulphate or chloride—see Table

XXXIX.
On the whole, therefore, the colloids experimented with

have no retarding action to be compared with that of the

ferric salts.

Diminished retardation by "agred" ox. prod.

When the product of oxidation of ferrous sulphate by

chromic acid (ox prod) is allowed to stand, it gradually de-

' The values of x in this and other tables of this paper are obtained by

interpolation from the data of part B of the table, as explained in this Journal,

7, pp. 3 and 364 (1903).

' Undissociated Felj, FeF,, etc., or the corresponding acids might be as-

sumed ; the type of the reaction however is fixed by Miss Benson's measure-

ments. See Jour. Phys. Chem., 11, 9 (1907)- w. L. M.

• Ber. chem. Ges. Berlin. a8, Ref. 858 (1895).
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posits a yellow brown precipitate and its retarding power is

lessened.' Similar changes in solutions of ferric chloride

have been studied by Goodwin,' who showed by conductivity

measurements that the "ageing" of the solutions was due to

hydrolysis. In solutions of the strength of my "ox prod"

this hydrolysis is accompanied by the formation of a pre-

cipitate, so that the concentration of the ferric salt is re-

duced, and that of the acid is increased—both changes tend-

ing to accelerate the liberation of iodine. The experiments

of Tables XL and XLI show that the increased rate actually

observed when "aged" ox prod is used can be completely ac-

counted for if these changes in acidity and ferric concentra-

tion are taken into consideration.

In these experiments, three ferric solutions were used.

The first was that employed in most of my work at 0° and

is referred to in the tables under the title "Ox": it was pre-

pared fresh by making up 200 cc acid, 600 cc bichromate

and 20 cc ferrous sulphate (the undiluted solutions were

used) to two liters; 50 cc contained the oxidation product of

5 cc decinormal ferrous sulphate, and in addition, 10 cc

F/120 bichromate unreduced," but no free acid. The second

was prepared from the first by boiling for about half a min-

ute, filtering hot and cooling; the third was obtained by al-

lowing some of the first to stand 64 days at room tempera-

ture and filtering. The ferric salt in each of these three was

determined volumetrically. by stannous chloride and bi-

chromate; the bichromate was determined by titration with

ferrous sulphate ; and the acid by adding excess of volumetric

potassium hydrate, and titrating back with sulphuric acid

(without filtration) using methyl orange as indicator. The

last determination gave both the free acid and that combined

with the ferric salt; the latter was calculated from the ferric

determination and subtracted. Fifty cc of each of the three

preparations contained respectively

:

' Jour. Phys. Chetn., 7, 362 and Table 15 p)). 384.

' Zeit. phys. Client., Jl, 1 (1896).

• Jour. Phys. Chem., 7, 359 (1903)-
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1

II III

Ferric salt e.O I.O

lO.O

50

i 2.87

lO.O

2.6
Bichromate
Free acid

,

lO.O
i o.o

in the units defined on page 633.

In Table XL the volume and the distinguishing num-

ber of the ferric solution used in each experiment is given

under Ox, also the ferric salt and the free acid contained

in it ("Ac from Hydrol"); under "acid added" is entered

the amount of acid from the stock solution; the "total acid"

is obtained by adding the last two.

Hydrolysis of the ferric solution (ox prod) can be com-

pletely prevented by making it up with excess of acid in-

stead of with excess of bichromate; and further experiments

(Table XLI) show that an acid solution of ferric chloride

may be substituted without affecting the rates. The solu-

tions used contained, in 50 cc:

IV V

50 0.0
0.0 50
lO.O 10.0

0.0 0.0

Ferric (sulphate)

Ferric (chloride)

Free acid

Bichromate

Experiments at 30.5° C

Miss Benson has shown that by titrating as directed

on page 357 of her paper, the amount of iodine liberated

by the reaction tiiay be determined accurately if both reac-

tion and titration are carried out at 0° C; experiments of my
own confirm this conclusion. At 30° C, however, owing

no doubt to the fading of the blue color of iodide of starch

at high temper.itures, a considerable excess of iodine—from

o . 6 to o. 8 cc N/ ioo iodine in the 700 cc of solution—is necessary

to produce thi' permanent tint taken as end point. When
any arsenite v. as required in the "blank" experiment (with-

out ferrous salt) the same correction for the end point would
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apply there; and in these cases the net arscnite (after sub-

tracting the "blank") would be free from error. When
"As = o" in the blank experiment however, i. e. when the

iodine liberated in the blank experiment was less than enough

to give the blue with starch, the numbers are too low. This

is the case with most of Miss Benson's measurements from

Table XXIV onward. I have consequently repeated the

determinations at 30° C; the results are contained in Tables

XLV to XLIX. While confirming Miss Benson's conclusions

as to the effect of the concentrations of the various reagents

on the rate of liberation of iodine, they show that the rate of

oxidation of the iron in the solution is much more rapid at

the higher temperature, and that in many cases all the iron

is oxidized within two mini tes; this result was checked by

addition of potassium ferricyanide.

The correction for the end point (which in all the tables

has been added to the observed numbers before entering

them under " As") is given at the head of each table; it varies

slightly from case to case, and was obtained as follows: The

amounts of acid, bichromate, and "ox. prod." indicated at

the head of the table were mixed at 30° C with water and

10 cc of a saturated solution of iodine in water, the ferrous

sulphate was then added with enough water to bring the

whole to a volume of 700 cc; one minute later ammonium
bicarbonate was added, then 5 cc normal potassium iodide,

and starch, and then N/ioo arsenite to the "end point." In

order to find the arsenite equivalent of the iodine employed,

10 cc of the same iodine solution was then added, and arsenite

to the end point again ; in every case i . 90 cc arscnite was re-

quired. Table XLII shows that the "correction" does not

depend on the length of time the reacting solution remained

in the bath, loss of iodine from evaporation is therefore not

to be feared.

The induction factor at 0° and at 80°

Miss Benson has shown' that the induction factor—or

Loc. cit., page 369.
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i*

the number of equivalents of iodine liberated per equivalent

of iron oxidized—varies, at 0° C, from i .2 to i .8. To make
the evidence for this as clear as possible, I have calculated

the induction factor, viz., the fraction y/x, from the data of

her Table XVII, and present the results in Table XLIII.

At 30° the induction factor is much lower than at 0°; as

shown in Table XLIV it falls as low as 0.4, and never rises

above 1.0.

The influence of the concentrations of the various

reagents on the factor is in accordance with thf sup-

position' that both Fe* and Fel' 'Fel„ etc.) are simultaneously

undergoing oxidation in the solution; increase in the con-

centration of the acid, for instance, affects the rate of the

second reaction much more than that of the first,* and con-

sequently increases the induction factor. A quantitative

test of this assumption is postponed until conductivity meas-

urements furnish data for a plausible assumption as to the

fornmla of the addition product (see foot-note, page 634).

My thanks are due to Professor W. Lash Miller, at whose

suggestion these measurements were carried out in the Win-
ter of 1907-8.

Table XXXVI (HYDRocrax)Ric Acid)

Cr, 20; KI, 20; Ox, 5; Fe, i.o; V, 700; t, 0° C
-asTT.T.---.: -

Expt. 49
HCl, 10

Expt. 5a'
H,SO„ 10

Expt. so
HCl, ao

Expt. 9a'
HjSO,, ao

e As As Aa As

0.25
1.0
2.0

4.0

1-35
2.35
390

1.90
310
4 30

2.35

7.70

405
715
8.00

' Loc. cit., p. 374.
' Ibid., p. 366.

» In Bxpts. 5a, go, etc., the composition of the solution was the same as

in Miss Benson's Expts. 5, 9, etc.
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Table XXXVII (Salts)

Ac, lo; Cr, 20; Kl, 20; V, 700; /, 0° q

639

Expt.

51

52

53
55
56

57
58

59
60
61

Salt added

0.88 g. K,SO«
o.5g. NaCl

do
i.og. NaCl

do
I.og. KBr
o.o3g.KF.2HjO
o. I do
0.5 do
i.o do

Ox

o
o
o
o
o
o

5

5
o
o

Fe

1

e 1

1

1.0 ;.o"j

1 .0 0.5

1

0.5 0.5

1

1.0 0.5
;

0.5 0.5
1.0 0.5 '

1.0 4.0
1

J.o fO
1.0 1.0
1 .0 1.0

No. of
As Blank blank

Kx.

4.90 5-

330 3.

2.30 2.

2.85 3-

2.10 2.

330 3-

4.40 4-

4-25 4-

0.80 5
0.20 5

00
90 23U
60 54
90 23a
.60 54
.90 23a

•35

•35
.00

.cx>

5a
5a
23a
23a

Table XXXVIII (Potassium Fluoride)

Ac, 10; Cr, 20; CI (a'iter o), 20; Ox, o; V, 700; t, 0° C

•0.25

0.50
1.0
2.0
4.0

Ezpt 62
KF,

As X

3.20 0.65
2.35 0.75
1.60 0.84
I 05 0.90
0.60 0.94

Ezpt. 63
KF, 1.0'

As

Ezpt. 64
KF, 3.0

' Expt. 65 !

Ezpt. 66
KF, 5^o

]
KF, lo.o

As

2. 80 0.71 1. 60
1 . 80 o. 83

I

o . 80

1.15 o 90j 0.40
0.60 0.94 j

—

As X \ Ki

0.82 0.75 0.90 o. 15

0.91 0.30 0.96
0.95 — —

0.98

Table XXXVIII B

Fe
KF, KF, 1.0 KF, 3.0 KF. 5.0 KF, 10.

At

7.20

As

7.70

As

7 80

As

6.20

As

1.0 5 40
0.8 6.15 6.55 6.35 5.20

0.6 5^io 5.20 4.20 3.60

0.4 3^6o 370 3 50 2.90
J.

2

2.00 2.10 1.80 1.60 1.40

O.I 1. 00 1.05 0.90 0.80 0.70

0.0 0.00 0.00 0.00 0.00 0.00

' KF, 1.0 indicates . :c of a solution containing 0.33 gram of potas-

sium fluoride, KF.2H,0 per litre, and is approximately one F-wt of fluoride

for one of ferrous salt in the reacting solution.
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Table XXXIX (Colloids)

Ac, 10; KI, 20; Fe, i.o;V, 700;*, o°C

Expt. 67 Agar- Expt. 68 albu-
agar' men' Expt. 69 Dialyzed iron*

Cr, 20; Ox, 5; Cr, JO ; Ox, ; e, i.o

e,4.o e, 1.0

Agar As Albumen As Cr Ox Dial
Total
Ke"'

As

4.40 5 05 10 2 \0

5CC 4-35 50 CC 2.25 ID 5CC 10.8 2.00

25 4-45 100 I 15 ID 5 5 0.80

50 4.40 150 0.55 20 5 05

100 4.40 — — 20 5CC 10.8 350— — — — 20 5 5 1.90

Table XL ("Aged" Ox Prod)

KI, 20 ; Cr, 20 ; Fe, i.o ; V, 700 ; i,o°C; e, i.o

Expt. Ox Fe"' Ac from
bydrol.

Ac added Total Ac As
•

70 15 15 730
71 5 II 1.0 50 ID 15 6.70

72
5lni

1.0 15 15 6.65

73 2.87 2.6 10 12.5 4.60

74 ^'•f^'I 2.87 12.6 12.6 4.00

75 loHi a 2.0 10 10 320
76 2n ^: 2.0 10 10 305
77 o1 -I 0.00

78 5ll .,^ 50 0.00

79 0'
! 10 ID 505

5a 5l' 50 ID ID 1.90

80 10 III 5-74 2.6 2.6 0.15

' One-tenth percent solution of agar-agar.

• One-fifth percent solution of egg-albumen.

• 5 CC of the dialyzed iron solution contained 10.8 units.
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Tabub XLI (Acid Ox Prod)

Ac, 20; Cr, 20; KI. 20; Ox, 5; Fe, i.o; V, 700; <, 30.5° C;CoiT, 0.75

Expt. e Ox A>

81 0.25 3-35
41 0.50 405
•1 1.0 4.70
«l 2.0 5 25

83 0.25 5 IV ij5

83 0.25 5V 1.30

84 0.25 5I 1-35

83 0.50 5 IV 3.00

83 0.50 ^y 1.90

84 0.50 51 2.10

83 1.0 5 IV 2.85

83 1.0 5V 2.85

84 1.0 5I 2.85

83 2.0 5 IV 385
83 1.0 5lV» 2.85

83 2.0 5V 3.85

84 2.0 5I ' 3-85

Table XLII (Correction for End point at 30° C)

Expt. 85 ; Ac, 20 ; Cr, 20 Jx. 5 ; Fe. i.o ; V, 700 ; Iodine lo cc

As 1.90; /, So-S" C

e As found

0.25 1. 15

0.50 115
1.0 I 15

2.0 I. ID

4.0 I 15

8.0 1.05

Corr.

0.75
0.75
0.75
0.80
0.75
0.85

Boiled.
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Table XLIII

(Values of the Induction factor, y/x, calculated from Miss Benson's

measurements at 0° C ; see her Table 1 7)

Cr, ao; V, 700; t, 0° C; Ox, 5 except in Expt 23 Ox, o

Bzpt. Ac KI Pe

Induction factor

e = o.5 1.0 a.o 4.0

1-4
1-4

17
0.9
I.I

I.I

14
1-4

8.0 00'

5
6

9
14

15

16

17

23

ID

ID
20
ID

ID
10

10

10

20
20
20

5

5
ID

ID

20

I.O

0.5
1.0

1.0

0.5
1.0

0.5
1 .0

W*-i-4
13
1.6

1-4

1-4
1-4
1.6

0.9

0.7
1.2

1-5

13
1-4
- 6

0.9
I.I

0.8
1-3

14

I

4
4
8

2

2

6

15
1.6
1.8
1.2

1-4

14
1-7

1-5

Table XLIV
(Values of the Induction factor, y/x, at 30.5° C; from Tables 45-49)

Fe, 1.0; <, 30.5° C;V, 700

Expt.

86

87
88

89
90
91

92

93
94
95
96

97
98

99
100
lOI

102

103

104

Ac

ID

15

20

20

20

Cr

20

20

20

20

10

KI

20

20

20

ID

20

Ox
Induction factor

9= 0.35 05 1.0 3.0 4.0

y/x =0.40 0.40 0.40 0.40 0.40
2.5 — — 0.43 0.41 0.42

3-5 — — 0.36 0.34 0.39
50 — — 0.38 0.37 0.38

0.64 0.70 0-73 0.80
j
0.84

2-5 0.51 0.54 0.60 0.65 0.65

3-5 — 0.46 0.50 0.57 0.61

50 — 0.40 0.44 0.49 0.52

0.85 0.92 0.97 1.02
1
1.02

2.5 0.62 0.71 0.78 0.84 0.84

3-5 0.53 0.63 0.69 0.75 0.75
50 0.69 0.70 0.71 0.72 0.72
lO.O 0.60 0.61 0.60 0.61 0.61

0.77 0.82 0.89 0.94 1. 01

50 — 0.52 0.50 0.51
1

0.51
10. — — 0.50 0.50 0.48

0.68 0.76 0.75 0.82 0.82

50 0.42 0.61 0.62 0.67 i 0.71
lO.O — 0.61 0.63 0.62 0.64

' Values of 9 from 30 up.
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Table XLV
Ac, io;Cr, 2o;KI,2o;Fe, i.o;V, 700; <. 30.5° C

e

Bspt. 86
Ox 0; Cor. 0.66

Expt. 87
Ox a.s; Cor. 0.70

Expt. 88
Ox 3.5; Cor. 0.70

Expt. 89
Ox 5.0 ; Cor. 0.7

Al X At X

0.49
0.74
I.oo
I.oo

A* X As

0.93
1.40
1.90
1.90

*•

0.25
0.50
1.0
2.0
4.0
16.0

I 30
1.65
2.00

2.00

0.65
0.83
I.oo

I.oo

1.05

1-55
2.10
2.10

I.oo

1.40

1-95
1-95

0.54
0.83
I.oo
I.oo

0.50
0.75
I.oo
I.oo

Table XLV B e - 16

Fe

0.3
0.4
0.6
0.8
1.0

Ox, o
As

0.40
0.86
1.20

165
2.00

Ox. a.5

As

0.40
0.80
1.25
1.65
2.10

Table XLVI

Ox, 3i
As

0.40
0.85
I.20
1.65

1-95

Ox, so
As

0.40
0.80
1.20
1.65
1.90

Ac, 15; Cr, 20; KI, 20; Fe, i.o;^V, 700; <
,
305° C

Expt. 90 Expt. 91 Expt. 9a Expt. 93

e
Ox ; Cor. 0.70 Ox a.s; Cor. 0.70 Ox 3.5; Cor. 0.70 Ox 5.0 ; Cor. 0.65

As X

0.71

As X As X As X

0.25 2.30 — — —
0.50 2.80 0.80 1. 10 0.43 1.02 44 0.90 0.45

1.0 3- 10 0.85 1.85 0.65 1.42 0.57 1-35 0.61

2.0 3-8,S 0.96 2.50 0.83 2.44 0.85 2.20 0.90

4.0 4.20 I.oo 325 I.oo 3 05 1 .00 2.60 I.oo

8.0 4.20 I.oo 3-25 I.oo 305 I.oo 2.60 I.oo

Blanks:— Expt 90, e = 8, Corr 0.20. Expt 92, e = 8, As 0.35.

Expt 91, e = 8, As 0.30. Expt 93, e = 8, As 0.80.

Table XLVI B (e = 8)

Ox, 0, Ox, 3-5 Ox, 3.5 Ox, 5.0
Fe As

1.40

As-

0.90

As As

0.20 0.80 0.70

0.40 2.50 i.6o 1-55 1.30

0.60 325 2.20 2.20 1.85

0.80 2.80 2.80 2.65 2.20

I.OO 4.20 325 3 05 2.60
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Tabub XLVII

Ac, jo; Cr, 20; KI, 20; Fe, i.o; V, 700; /, 30.5° C

Corr: Expt 94, 0.75; Expt 95, 0.70; Expt 96, 0.72; Expt 97, 0.75; Ex 98, 0.82

0.25
0.50
i.o
2.0

9.0
16.0
Bh.

Expt. 94
Ox, o

Ai

3-35 0.79

4 05 0.88
4.60 95
5 10 1.00

1.005 10

iks: e 16,

Corr 0.2

Expt. 95
Ox, ».s

Ab

J.55

2.70
3-55
4.20
4.20

0.50
0.76
0.91
1.00
1.00

Expt. 96
Ox, 3.S

At

I 47
2.32

3 «2

3 75

3 75

o 55
0.74
0.90
1.00
1 .00

Expt, 97
Ox, 5.0

A*

1-35
2.00
2.85
3 60
360

Expt. 98
Ox, lo.o

As

0.39 1.12

0.57
I

« 77
0.80 2.52
1.00 3.05
I. 00 3.05

e 9. 6 9,

As 0.80 As 1 .05

Table XLVII B

09.
As 1.40

0.37
0.58
0.83
I 00
1 .00

e4 9 16
As 0.80, 2.40, 5.00

Fe
Ox, 0,

As

0.20 1.70
0.40
0.60
0.80

2-75
385
4.60

I.OO 510

Ox. a.5 Ox, 3.5 Ox, 5.0 Ox, lo.o
As As

I 15

As As

I 30 0.80 0.60
2.20 2.10 1.50 1.20
3.10 2 75 2.30 1.85
3 60 3 25 2.90 2-45
4.20 3-75 3 60 3-75

Table XLVIIl

Ac, 20; Cr, 20; KI, 10; Fe, i.o;V, 700;*, 30.5° C

0.25
0.50
1.0
2.0
4.0
8.0

Blanks:

e = 8

Expt. 99
Ox, 0; Cor. 0.70

Expt. 100
Ox, 5.0; Cor. 0.75

Expt
Ox, 10.0;

As

. 101

Cor. 0.70

As X As X X

2.40 0.62 — . __

:?-95

3-75
4-30
5 05

5 05

0.72
0.84
0.91
1.00
1.00

1.05
I 50
2.48

2-55

0.40
0.60
0.98

1.00

1-25

1-75
2.05
2.30

0.50
0.70
0.85
1 .00

Cor. 035 As, 85 As, i-35



Induction by Ferrous Salts, Etc.

Tabuj XLVUI B (e - 8)

645

Ox, Ox, 5.0 Ox, 10.0
p« A* Aa Aa

0.30 1.60 0.50 0.30

0.40 2-75 1.05 U.8CJ

0.60 3 75 1-55 1 30

0.80 4-35 2.05 1.80

1.00 5 05 2.55 2.30

0.25
0.50
I.O
2.0
4.0
8.0

Blanks:
e = 8

Tablb XLIX

Ac, 20; Cr. 10; KI, 20; Fe, i.o; V, 700; t, 30.5° C

Expt. . ^2

Ox, o ; Cor. - 75

Aa

2.55
325
370
4. 10

0.76
0.88
0.95
1 .00

4.15 1. 00

Cor. 0.35

Bxpt
Ox, 5.0;

. 103
Cor. 0.65

Expt
Ox, 10.0;

. 104
Cor. o.8»

Aa X Aa X

0.80 0.38 — —
1-35
2.10

2-75

0.44
0.67
0.82

1.22

1.87
2.67

0.40
"59
0.82

350
3 65

99
1 00

3.20
320

1 .00

1. 00

Cor. 0.20 As, 0.20

Table XLIX B (e = 8)

-'- - — ' '""
*

Ox, Ox, 5.0 Ox, lo.o
Fe As

~ "

1-35

A.

1. 00

As

0.20 0.65

0.40 2.25 1.80 1.30

0.60 2.95 2.40 1.95

0.80 3-55 3.05 2.60

1.00 4-15 365 3.20
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