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The kinetics of the oxidation of iron {II) by vrumine has
been studied spectrophotometrically. At (Br ) = 0,50 1, tribromide
ion was found to be the reactive bromine species, while evidence

scting with iron (II) was obtained at
R

A mechanism involving Br2 is suggested, and
the observed inhibition by iron (I1I) eliminates an alternative
mechanism involving iron (IV) as an unstable intermediate, The

catalytic effect of phosphoric acid was invesbigated.

bt absorption of iron (III) in phosphoric

.

The ultraviolet 1
acid was studied, An atbempt was made to determine the nature of
the complex that is present, The presence of only one complex
could not be verified,

The oxidation of ferrocyanide ion by bromine was found to
proceed at a faster pace than the analogous oxidation of iron (II).
Soth molecular bromine and tribromide ion were found to react with
ferrocyanide ion when (Br ) = 0.05 . The reaction appeared %o be
first order with respect to bromine and ferrocyanide ion ab
(H%} = 0,93 I, but was found to deviate from a simple second order

vehaviour wnen the hiydrogen lon concentralion was decreased to

ot
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The reaclion

is of interest because it presunably proceeds via the two one~
electron steps

A = N -
(2) Fe' +Br., === Fe + Br +Br2
At

(3) pe 4 Sr, —» Fe + 2 3y
Fol

involving the formation of the

oA

at ion of iron (II) by

(3) ,

and by iodine,”’ and of titanium (III) by

hydrogen v

I}

Y

TR 1) . \
iodine ™ indicates th oy analogous mech-

anisma involvi

RN IR FTS T
Nnauction oL e 180-

- - - . { LJ\ -
atoms or 2r, in reaction (1)*77. 3Several rcactions due to chlorine

atoms or 612 have peen induced by the addition of iron (II) to

chiorine solutlons® ™/,




this research, that it is possible to meassure the rate of reaction

-

(1) oy repid manual operation of a Beckman spectropnotometer when

the reagents are present at concentrations in the range 10
The kinetic resulis confirm the reaction path consisting of steps
(2) and (3) above, provide some information aboub the rates of

reaction of molecular ovromine and hyoobromous acild as well as of

e
[&]

ion, and disprove an alternate mechanism which

based on the formation of iron (IV) as an intermediate,



sulfate were dissolved

2% air oxidation per

the solutions

ol pnospnoric acid by

absorption of the iron (ITI) phosphate co

odium bromabe were dissolved in an

)]

excess of sodium broside and porenloric acid to give the brivromide

ion solutions, Solutlons of molecular bromine, prepared by the
addition of the C, P, liquid to mixed sodium perchlorate-perchloric
acid solutions, were standardized iodometrically.

0. Ps sodium bromide was dissolved in distilled water and a

small anount of bromine was added. The excess bromine was boiled

away and the solution was filtered.

Iron (III) perchlorate was prepared by dissolving ferric

chloride in an excess of 60) perchloric acid and fuming the solution

(&

cdorm to about one-~third of its ori After two

recrystallizations from water, the product gave no precipitate with
silver nitrate, Iron (II1) solutions in perchloric acid were

standardized lodometrically,

Sodivm perchlorate was prepared by neutralizabs Do Pa
sodium bicarbonate with perchloric acid. Since sodium perchlorate

is frequently used as an inert salt to adjust the ionic stren
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it ig inporitant t note that the G, ¥, 3mith

was unseaiisiactory Lor our studics in that

tained an a bromine solution, or vice versa., The
solutions were acd

1c syring

but the cell was

and then placed in a thermostated

Beckman model DU gpectrophotometer, The

usually obtained about

2 Fal e B e - > .
the half—tine of a Loal =

extrapolated to M =1,0 and
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Mo nQ PO T
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(Br”)/{ﬁrg} = 0,0615 mole/liter, The

'

molecular exbtinetion coelficlents of the tribroside ion are therefore

(BE)}

{(The contribution of molecular

1.123 times the €& 's of

sorption listed in Table 1 is neglizible, )

extinetion coel

ERES] 19 - 3 £ o .1 F ol e 11 oy ey A A e PR
at 20.4  agreed with those calculated from the avove data using

EHCl@h was determined as 275, This value was used

in correcting the observed opltical densities for the small contribution
due to iron {IT1I) formed during the course of bhe reacllon, The
molecular extinction coefficient of bromine in 0,5¥ HO lOQ and

L) 3
at 452 nuM was measured as 93,6,

A momoer of the experiments performed in the initial stages of

o

the investigation are considere

&

to be suspect, since the electric

mer used was later found to e unreli

le, and the techniques

ent solutions were different [rom those [inally

]
oy
o
<!
o3
E
@
0
<
(»L
[41]
‘“}’a
O
e

onstants in the later experiments
were approximately 157 lower than the earlier ones, and had average
deviations of 24 compared %o 77 for the earlier ones, In the
tables, the earlier and the lLater experiments will be grouped

tosether where the work was merely of a repetitive nature, (The

space in a table represent the later
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gory refer to the later work. The srrors

ohase of the

listed alter the constants are average deviations unless otherwise

ts were performed whlch showed that nelther the

o

sulfate dion in solution due Lo the fe

from the spectrophotometer had any

: IR

ALl reaction rates were measured a2t the ¢onstant

strength

v A3 371 - . ot e S e 3
any particular run at a constant acidity and

Comne: mvyh ro,

{{ormal) concentration of bromine,

Jou

The pertinent dota arce colleoctaed

the constant k is independent of

initial

I o= 30,0 - /s for (EYY =
ko= 30.0 + . ole/sec, for (Hr ) =

rioromide lon

e



oression where Eps vhe dissociatlion constant of the triovromide ion

constancy of k,,when the bromlde lon concentration is varied Ironm

0.05 1o concentration range the rate law is

wdende
/ ;:1 A — 1. J LY ~
(5) - =5 (Fe'') \ﬁTB .
values of k. at 20.4° (21.8 + 0.3) and 29 70 10+ 0.7)
VaLUEeS 0L A/E a0 dUeld Zie P e 3 ) &N Tel 31-1-0 + Ve [ )
have Deen used to derive the eguaition
P ~ z
y amle ”tf"\)’oBU PP —
Ky = 10! ) exp (-8LO0 (+ 500)/3T).
The errors guoted are probable errors, not estimated
it is appropriate to calculate a typlcal experi-—

in all the necsssary data

ent thalt was performed at 20,  with bromide ion and

. ER T ke
are the Tormal extineld

Sevadd aa PATT A
vined as follows

,,,\
5
PO
g
i
\\
s
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i the time and extro—

L AE

the one obbtained from

4

solution from knovm dilutions, usually agreed within 3%. This

(= Brz

Therefore, the slope of the line obtained by plotting lo;’z,;lm ey Tea
€10

(] )
Feﬁ“)

time was plotted as

=
o
)
&)
o
Lo}
o
é_}f N
[
@]
Kol
e
m
jod
lol
L 4
“»
o
L}
‘:—i
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o

minutes x 10

(7) = 2,303 x slope _ 3.08L x slope
i e — Py
(2a = D) x 0 (2a - b)

TS

This zave k in units of liter/mole-second.



vrevious sectlon are consi

~O

- et e EN
stent with the

reaction path of equations (2) and (3) and the assumption that

k} » Koe (A mechanism composed of reaction (2) followed by
Bry, + Br, - 3,«31»‘3' + Br is consistent with the rate data, bubt
implausible, ) If this be true, the rate constant, kg, of Table 2
is equal to k,., Assuming that AF and AH for the reaction
1/2 BT, - Br are the same in solution as in the gas phase, (the
avthor realizes that this is only = very qualitative argument),

one calculates for the reactions

B . s A N
(81) TFe' ' + Br,- Te + Br
[
(91} Fe' +Br- FeT T 4 Br”

(12)

=0
A 298
(Kua.l‘.’ Juole)

+ 1?00 2‘2"2
"’2(3’06 "‘l‘;. ‘8

The thermodynamic data for reactions (2) and (3) will be slishtly

Gifferent from those for reactions (6

as 2

(13

N\
evidence' o/
Br, -+ Br~ + Br, is about 107

£

dissociation consbtant of Br3

i
2
. o o w meeeb g
(2) Fe - 5g§3 - Tg
k
7
3
- B
(3) Fe' " +Br, —* Je +

sociabion of Br, and Zr with Br to

that the dissociation constant fo

'
-+

t) and (9% because of the

give Br, and Br,. There is

3

r the reaction,

, le€s, substantially smaller than the

One can therefore estimate

) 0
T,i
BFoog Blosg
+ Br +»Br§ 8.0 1,0
2 Br -21,72 36,1
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N iy e 1 TG L i 2 T N
strength, the A T's for both reactions (2) and

“ L 1 “r . T
neg "'U_AJ'O Than Lne values fmiven.

that reaction (3) is likely to Le a very fast rea

ifficult one

ing reaction (2) is a 4

rate~deter g
reaclly reversed, i.e., that Jr, can reduce iron (i11). If Kos

£

or Lthe raverse of rea

=

the rate constant

magnitude to k_, inhibition by iron (II1) should be observed, In

experiments with no added iron ( there was no evidence for

J R JETL) ot Ay s K3 NI T P N ™ i o " oy, "sL'*‘\ - A
deviations from linearity of the plots of log (Fe” )/ (T Srn)

ae over the first b0-607 of reaction where the data were
usually teken, ISxperiments with added initisl iron {(II1) are

recorded in Table L, The maximum iron (1II) concentration that can

~’s-H~

be used 18 1limlted because of ©h and

0]

o .t . s . . .
PeBr’' , The predicted rate law when reaction (2) is assumed to be

reversible is

to the formlation above

onstan®t durin

.
ine congen

A

P .
(Fe ") was used in

course ol the reactions;
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caleculating k?(Brm)/kB. The actuzl values of k (Br )/k were

calculated from the expression

k kn I et
- Fe
(12) o )= (2-1) L) g K o)

e relr
which is easily obitained from eguation (11) and the formation cone
et

o

stant of ¥ f* ) = ~(14/

eBr, Koo = (FeBr' ) /(Fe W5
Included in Table L are a set of the preliminary experiments,
These earlier experiments performed at (3Br") = 0,51 give the sanme

inhibition by iron {III) as was obtained in the late er, more reliable,

experiments, The author believes therefore, that the earlier

experiments corcecbly show Lhal Lhere 1s no innibition by iron (IIT
when (Br ) = 0,050, The neximm predicted decrease in rate is

about 125 which would not be detected in these rather inaccurate
experiments, The observed valuc of kT(Erm>/k3 implies that, in the
experiments with no added iron (III), there would be no observable
decrease in rate for the first 507 of the reaction due to the

iron (TII) formed.

One may conclude therefore, that equation (10) quantitatively
predicts the eflect of the ferric-ferrous ratio on the rate, and
that the prediction as to the effect of bromide ion is consistent
with the data available,

leaction (2) can of course, be written as

(2') Pe  + Br, T/ FeBr 4+ Br

In the available range of bromide lon concentrations,



™o

- - . . R , o . :
largely dissoclated into Fe and Br , so that this mechanism is

kKinetically indistinguishable Ifrom the one used, According Lo

l

L oa . LIS ) . = s e
this formulation, k7/x3 & 0,273 the species Br, oxidizes Fe - Iour

2
4 o~ Al ey 4 e o (LI 1 JT"}‘ - b ] +
imes as fast as 11 recduces Felr . It may be recalled that
1

Toube v 7 ) has adduced evidence for the reduction of irvon (III) by

N

The analogous reduction of iron (III) by I, is a step in the

(3)

reaction bebween iron (III) and iodide ione

iy

An alternative mechanism for the oxidation of iron (II)

1 . L . - £ o -~ - 2 JLRN N LS
bromine involves iron (IV) as the reaction inbermediate,

1o

1
L. (e
13, e -+ QJI',Q ——— resr (O ; +) 1 )
o

3

I

E4

1y momat L ot _15. et -

(12) Febry + e = 2 ie + 3 Br .,
96

To explain the observed inhibition by iron (III), one must assume

y

that reaction (15) is reversible, The equilibrium constant for the

over-all reaction (1) is then X, =k k k., k and the predicted
( then Iy = Iy 5 Iy ofk;) kg and the
rate low is
by g hd
4 N Lx/,:;(fe }{.33:'3) . (Fv"f'f“*%xu (:_JI‘ )3
(16) =& (€ 37,) =4 1 - \ .
& ] K, (Fe'™) (Br7)
. e A.q .&e 1r
k.}b,(Fe++)
This relation allows for inhibition by iron (II1) only insofer as the

over-all reaction (1) is reversible; since y% ~ 107, nezlipgivle
iniibilion by iron (ITT) is predicted by the ivon (IV) mechanism in
the experiments listed., The observed inhivition therefore eliminaves

"

the iron (IV) mechanism for the oxidation of iron (II) by trivromide



ion., It was not possible for Hershey and Brayv to eliminate the
ron {(IV) mechanism {or bhe oxidalion-reduclion reactions in the
iron-iodine system vecause, in this case, ¥ is much smaller an

the over-all reaction is in faclt reversible,

RATE STUDIES AT 1OV BRDI

It was apparent from Table 2 that 1f any information was to be

B g
I
5

obtained regarding the possibility of 2r, and HOBr belng reactants,
much lower concentrations of bromide ilon would have to be used,

The vreliminary experiments showed that there would ve very little

in the experimentsl conditlons for the following reasons:

]
a) UAth (BrT) ~ 1070 11, concentrations of ¥ Br, ~ 7 x 107 7
J 3 D

would have to be used to give densitles of ~ .3, The bromide ion

Lleevs;

fomed by the reaction would cause the ratio (BrB)/(Brg) to
increase, while (. Bz ?) would rease as the reactlon progressed,

This would possibly result in a sifustion where du, /dt ~ G, or at
[

best where E)‘t woulc be a complicated function of The time, This

difficulty was surmounted by finding a wavelength, L1502 m/bL , where

the extinction coefficients for tribromide ion and bromine were

c|

identical.
(b) The use of A = L52 A required that the concentration

“-,) T - -~ ry B .
of the reactants be ~ 3 x 10 7 F, since € = 93,6, At this con-

centration the halfi-time of the reaction was reduced fron 3 minutes

to 1 -1 1/2 minutes.

Experiments were performed with

-

to see 17 the reactlion wendt FTaster wnder these corndlilons Lhan vne
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the cata {or the course of the reaction at

oee ey |

BT

reaction was less than

that molecular bromine and hypobromous

3

™

=
P
&
pedert
|
N
.
"
AV 2
.
!

(AN

The claim is not made that the kinetic for:

-

ulation presented is

In a reaction such as

this one, whore manifold possibilities for reactive species exist,

=
bt
<5

le for other reactions to take place in coumbination

id

enter can

The experi

the most reasonable mechanism that explains the data,

Iy o

itration of

~
I
C+.
o]
o]
4
6]
&
o
s
%;@
Q

e

addition

4 o

acide The author has made a briefl study of

this effect. Iach run proved 1o ve 2 good second-order reachtion,
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1

The reaction rate is decreased as the hydrosen lon concentration is

9

T

raised, ‘he data, displayed in Table 7, have been

(21) =d (Z Br,)/dat = (Fe y(er 3 (kg + kyy (H,P07))

il
sy

6

mere (,70)) = 0,0 5 (B 3T39L),/(E~E+).

3

he resulbs in Table 7 were nob expected Lo be very precise

e

because the analysils of the experimental data involves subtraction

£

of a substantial contribubion to the optical density due to ivon (0

o
[e)
w0

nhosy 2

o
DBDOATE

first entry in the table, for

=
=
o
s}
o
-
@
[6]
g
=
y.J >
[0
3
¢
&
;,_3
]

rror is expected to be relatively larce,
the data are in moderately satisfactory agreement with the assumed
rate law, T

o other one term expression for the effect of phosphoric

acid would satisfv the data as well., (In

3

parblcular, a rate term,

(H,PO

3L

acidity but not the dependence on bromide ion concentration,) There

T -1 2 ) 3 3
(Fe ), would correctly zive the dependence on

are indications that k,, increases as the hydrogen ilon concentration

is raised, sugzesting that undissociated phosphoric acld 1s also a
catalyst., The results, however, are not suificiently accurate to

riit relisble conclusions avoub such finer points,

The reaction mechanism may be lormilated as

o

5 R BA™ o
(22) Te ™ + Br, + H,P0 - Fel ;‘Oh + Br  + 3r

3 & il 2

rood
@

™
w4

i")
”’D

riffith and Lcleown give for A1} the first ionization constand
of phosphoric acid, ¥, = 0,016 at 30°, M = 0,56 (KC1l), Lanford
R N ’1 ;o m
and Kiehl give K, = 0,030 at 30° = 665 (NallD, ).
1 ? 3



It is reported, however, that the main iron (III) phosphate
o S JEE S D . R Fiymn da Pell . (\/i Q> T, armet
complex in cllute seid solutions is o e;;P’uh. The avsorption
- -3 . . . + . :
spectrum of a 10 3 1 iron (II) solubion with (H') = 0,51 anx

(H ?in) =1,5¥, did not show any absorption that could be attributed

olex,

u
e
i

ke = 2,1 (

1

22

E{?/};3 = 0.1k (+ 0.01)

= 0,76 (+ 0.2) liter/mole sec,
L
AN b - -
Ooli) x 107 liter/mole sec,

( . -
Ghn = 2.4 (+0,3) x 107 liter™/mole” sec.
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o g % ER A I FO SIS S A s 2 y ,—»;O < ~ Tar vr
Formal Ixtinetion Coelficients, € , of Dromine at 29.¢ 1n 0.0l zé@l@w

0.51 HaBr ( € = (1/cl) Loz, ZO/I)

A (mpn ) € (liter/mole cm, ) x 1077

350 0.97
340 1.48

290 159
280 25L.3



Results at (Br
runs were a
were at (ﬂ+}
observations at

o e e )
(Fe )o (Z ulQ/O

moles/liter x 70)

A = 300 m/A except L

19

= 0,50 unless otherwise noted

S

(ox7)

moles/liter

-0 -
and 20.4 .

or the indic

T = 29,8°

lit@ru/hOlﬁ 8

ated ones at

" and ClOE 3 all runs

a

b Ly
5,28
170 bOL
1D.H\
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i ..09?
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RN . -
Fe = Br {Br ) k k
( }O ( 2)0 \ / 1
moles/liter x 107 moles/liter liters/mole sec,
ne 20
T = 29,8
] a - ~ ~ - -
.50 3,90 Us 050 16,6 30,7
70 508" 3095 G- OSO /3:)09 35. ?
7650 7698 0,05 1546 41,1
Te50 .07 0.05 17.7 39,7
1), 998 3.84 0.050 15,5 3he3
1he59% 1. 03 0,050 15.8 349
.99 5.28 0.050 17.8 35.0
I 12,93 0.0L98 14,9 33.1
C 12,54 RO 15.7 35.1
9 12,89 .0li98 15.3 3h.2
Average for (Br )= 0,05H 15.3 + 0.3 3.1
T = 20.&0

6,27 3.18 0. 500 19.0 21.72
. 278 5.4 0. 500 18.5 20,7
1250 3a 2l 0. 500 19.4 21.7
12,54 510 0,500 19.7 22,0
18.81 3.18 0, 500 19,6 21.9
18,51 5,10 0.500 19.7 220
Average k, = 21.0 + 0.2
a . D - -l e - -3,

=200m . 7 (80F) = 6.6 x 107, © (30p) =1.33 x 10 M.
1 P 2 o o .
¢ {H+) = 0,504, (ﬁ+) = 0,65, Ixcluded from average.



21

(AN
§560°

£690° |

FAal oM
Q%wo.
966"

«nm&
LGsé”
ngeé”
LiLe”
0969°
M\M)D ®
eletriony

@mmm.
Djﬁwm/'
€nLe”
1og”
REY
gLl

Lt e 2 B

*058e @ﬁoﬁ\wwwwﬁ

g*5] = mlow X

0L %
,ﬂrl
191l
€011

b
wo.xw

ah

~h

Ggg = odoTs

i

°
P

D B D) €D €D O LD

[
"

gLl lc°5 £l 671"
17°0l wq.@w 7oL 09L°
250 65°S Sl oLL®
AN o.r 89°1 Lol
€0°6 66°G1 LL®y ey
o1 6291 a6° | Loz ”
9L°g \N.sﬁ 202 0le”
gL 659 V 6ee”
oL L8°S 6ee .
90" LELL 992 *
889 S*Ll 9le*
899 LLLy Loe*
259 mm.ww Léz*
LE°9 qL-el g0¢*

A LE gL Ce
26° 18761 mee

0| % Je47T/seTo
(“az 2)/(,,00) (00 (Cag =) °a
Vx bt
(_xg) pue ﬁ. Nz 4® DOUIOIJISC UNI SOTAPUTY

21/ (0L X S8R0 X Mg

3

995

P o]
oy LN Dy (O O
o

OO0 e

¥oeuTW
mom I

%

® JOT BIED DOLE[NOTED DUE TRIUSUTISCXT



22

- . c s - S . . 0@ P ”
Aeaction Rabes with Added Iron (III) at 29,87, (H') = 0.50, M= T.0.

)

29,6 0,075
86 25 27.8 0,061
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A 1 Ty % 3 N e
Average ;»;:7(;31' )/1{3 = 0,0

J.50 5,94 L. b0 0.0 28,9 1 oo
5.9l Lo 1.1k 33.4 3749 0.071
5,90 L0 6,52 21,7 24,56 0.067
.00 Lo L0 9,78 18.8 21.3 0.061

0.05 17.99 6.6 0.0 19.7 L3.6
17.99 10.74L 0.0 18.7 L.
7.50 5.76 12.20 20,1 Lol 3
7. 50 10404 12.20 201,11 LA b
17,59 £.16 7.36 18.8 W1.6 x
17,99 10,55 7.36 19,8 13.8 x
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TABLE 7

- - - oy 4 o 5 L} ~ ol
Catalysis by Phosphoric Aeid, 25,87, M =1,0,

(Fe™™ (=3 T.P0, ) (mh ¢
\Qe )0 N ‘)f2>0 ( ;.;BIJOLL} \;i } ICZ -&27( 12- J& } }‘..22
- = -2
x 10”7 % 107 x 107~
Experiments at (Br) = 0.5K
T.h2" 5,69 0.089 0.516 L7.1 5,22
1 2a Si‘«l Eiw S\[) 01’ }19 0,1‘1 ‘5 {LB,(} 2o3/
Tell2 5.5 170 516 Lli.9 2.7
R e 7 - . ¢ ~
foli2 5.56 . 267 516 1i8.9 1.98
12,54 L6 0 29 Y L6 1. 00
12.54 Leld by 516 E2.4 2426
T.li2 5,62 b6 516 56,8 1.81
7.42 571 .53L 516 70.6 2,112

M;w:oerlmewts at (Br )= 0.2M

6427 1o 71 0,149 0147 643 2.19

6,27 5042 Aho L300 53,71 2.69
6.27 5,2l L9 191 L7.6 3.07
£.27 5.2? JL9 .6L6 5¢5 3.40
6.27 h.85 L6 Reinn 7.6 2.18
6‘0 3—{’-9 j»i-o 82 oé@éi N 538 700}4 2‘ ?,’7
6.27 5,20 L6 N 60,2 2459

Average ky, = 2L (+0.3) x 107

(‘T*

Exeluded from the average,
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(1
Nearly one h ‘ TS a 0laus' ) noted that the addition

of phosphoric acid or a phosphate salt would decolorize a sclution

iron (III) thiocyanate complexes. 3ince that time many

other investigators have reported similar evidence [or the existence

1z

of a complex between iron {ITI) and phosphoric acid, i.e., the

2
ferric chloride sn?ntimn<“) and the interferance

D
o
&)
I_..J
)
3
TJ‘
=3
o)
)
}_J
o
5
2
0

o

of small amounts of phosphate with a colorimetric determination of

(37

iron (III) as a thiocyanate complex, Somner and Yostku) devised an

analytical determination of iron (II) with sodium hypochlorite, by

RS

utilizing the fact that the free iron (III) concentration ¥

J
U}

greatly reduced in solutions that contained excess phosphate.

. (g
Honner and &omeya\)> found that the oxidation of iron (II) by

iodine, in the presence of phosphoric acid, falled to go to com-

o

pletion when the solution was approximately 3 I in sulfuric acid,

2

but that it was quantitative when the sulfuric acid concentration

-

was lowered to 0.1 H. Furthermore, they tried to find evidence

T

for an 1lron (IIZ) phosphate complex in 3 ¥ sulluric acid Ly uneans

w

of a potentiometric titration of a ferrous-ferric solution with

phosphoric acid, The titration produced a smooth curve without

i &

ion point and bhus gave no indicabtion of sbolchiomobric

o
g
QJ
£
;.J
£
a
¢l
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complex formation upon the addition of the equivalent amount of

reagent,

and phosphoric acld was made by 1

: v e e ; .
etermined that the complex was Beﬁ?@h 3 & spectrophotometric

"

enalysis using the absorption of forric thiocyanate was the method

Fay-)

During the study of the accelerating effect of phosphoric

ani

o

{

L on the reaction between bromine and Farrons ion, the aunthor
discovered that the ferric phosphate complex strongly abscrbed
ultraviolet light., Further investigations of the ultraviolet

absorption spectra in this system were carrvied out.
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acld and wers 31t

The optical densities of solutions of constant (Pe

varying (H,PO, ),

V3L

cells with a Beckman Yodel DU specirophotometer,

First a derivation will be given which will clarily the analysis

formed,

o
o
N

(el 1‘3@3"‘31 SRS
roy 'L “3-n Tk )
i [

- (Fe™ ) \iﬁj);uzj

P
L
N
o
B
91
=3
6]
P
" e
[ \A,:
[
-
i
P
o
(W]
)
o
<
H
.
e

The total optical density of a solution containing iron (ITI) and
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(5) DT:D M_L+D + D

. 44 Fep ?
Fe FelH e

and at a constant acidity

vﬁep>

(6) = € | (Fet™y 4 € . K}{(Fe £ Fep (¥

S e N + ! +
where (Fe” ) K, = (FeOH™ ) ( H'), and K =Xy (v,

(7) D, - (Fe™™) (g + € k') = € (FeP)
T M-}«M FQOH% {‘H FeP

(8) wbut (Fe™H) = (Fe*‘”‘)o - ((Feor™) + (FeP))
ks 3 pod E? !

(9) Define g = £ e + 5?3@}1*“‘ {“H‘

€ + z ((FeoH') + (Fer)) = €_

o
(10) Tnen D, - (Fe' ') FeP

(FeP),

O

o B - _
{(11) Define DT - (Fe }O g = Dc

(12) D, = (FeP) (€ p - €) - (FeoH™) & |

The second term on the right hand side of equation (12) is 5% or
less of the first term and has been neglected in all subsequent

caleulations, Then
(13) D, = (PeF) (Epp - € )

If equations (2), (L) and (8)(neclecting (FQ@HH)) are com-
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bined with equation (13) and the expression is rearranged, equation

(1l e resulb,
L
(11) (Ae : ,;V}P = 73 j{m% — T I S
’ Iy I i) 5 - = °
© 3L ﬁp ( GFGP €) 65@9" €

It is seen from equation (1) that a plot of (?e+++)o/ﬁc

veraus 1/(S Hj ;} will give a straight line hawving a slope of
'1/’IJ ( EE‘eP ~ € ) and an intercept of 1/( € pep = € Ve

It should be recalled that the equation, in this form, is valid only

when the concentration of (£ H ’Pﬂh} is so low that just the first

3

complex specles is formed,
A bynical experiment will now be calculated in detail, Table
S contains all the necessary data, Under the experimental conditions,

€ equaled 76, and the corrections to the total observed densities

s

were: =0,0375 for (Fet™) = Lok x 1077 and -0.0225 for (Fe™™) =

2,96 x 10 LLL . & trial value of E‘ip = 600 yielded an average value
(This result for €.,

e

of 551 for eﬁ’e?’ - € was

mi

Glj -

obtained by solving for (i'eP), using eguations (2) and (L), at

arbitrary values of (H’gr’Oh)o s and then substitubting (FeP) into

equation (13) and solving for the desired cuantity.)

values listed under (FeP) in Table 5 were then obtained

;__J
.
M

EXC IR S I i v DT P e o -
by c¢ividing D by 551 for al ,) wa.s

o s h),ana(iu

3
obtained by using equation (3), Since this kind of analysis

reguires an accurate deobermination of both the slope and the inter-

cept, these quantities were obtained by a least squares analysis



icure 1 displays the best straight line obtained by

i, . . . . . 2
Lhls analysls, The esoualiuns Zy =aZx + ob, and Txy — aTx + bEX
were used To debers

B S,
(Fe" ) /D,

oo

It is seen ifrom eguation

) that /o =( € - € ) and

b/a = 30. The value of Kﬁ obtained from the plot was 5763 this

L

“ d

linearity of the plot in Figure 1 tends to su

“ion that only one iron (III) phosphate complex

was formed in the concentration range vsed. It must be emphaslzed,
however, that this is not a very stringent tesbt; the least squares

vest

&

ata

(‘J

the

ct

z‘i

(s
iy

method gives a Kp and ( € . - € ) tha ,

Fer
therefore, it would be difficult to detect a gradual curvature at
higher phosphoric acid concenbrations,

Table & conbains the values of K €.,.- € , and Ke

rere obtained in this research at various

od by using

the data conbtained in Tables 1 - L with one exception: at

classware that had not been

data in Table L, one is able to see that

tho ddata at the twe iron {(ITI) concentrations are noh consistent.
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Therefore the results at (H') = 0,05 must be considered as peing

the least reliable obtalned,) 4s was expected from equation (L),

¥_ decreases with increasing acidity. It is seen in Table 0 that
~
( € .., - €& ) is not a constant at the different hydrogen ion
FaP oJ =1

coneontrations { g verics very Litblc in the range of aciditie

used), which it should ve if only one complex is formed., The vari-

) can be attributed to either: the error in

st

48]
foend
[N
&)
pn
}«Jv
iy
m
2
My

extrapolating the experimental data in order to obiain the inter-

.

he formation of additional complexes,

ot

cept in equation (14}, or to

Lssumdlng that only one complex is formed, one can best observe the
variation of K_ with acidity by comparing values of X ( €., . - € ).

P &/ 5 D PoP

It can be seen from eguation (14) that the quantity K (€ o - €)
T i

is obtalnavle with greater accuracy than 1s er guantity

reguires an accurate knowledge of GIQyF—' e slope is

N

much less dependent upon wnich strailght line is drawn through the

o]

oints, than is the intercept. The quantity, ¥ (&, - & ), i
3 5 2 oot dal 7

o

i

I
found to vary inversely with acidity, too,
To eliminate any extraneous acid effects from equation (2),

a correction must be made for the first dissociation of phosphoric

acid., Define

(FeP) (17 . b

Ty Y )

) U350,

P
.

1
3
1
&
5
e

i
1
|
|

L
re



(16) where

( d H.PO,) = £0, ) - (H,PO;

ot

-t
The valiue L= 3,02 x 10 © was chosen, since this is the value
(6)
*

adopted by Lanford and Ziehl

of

]

In order bo determine n in equation (15), the ratio

£

K, (€ Pep € ) were determined at a particular wavelength and
i R GA

various acidities. In Table 7,/0.1, /4’2 and /O3 equal the ratios

~ €& ) ot () =0.10 and 0,205 (57) = 0,05 and C.1F

of ¥, ( eFeP

-

and (H') = 0,05 and 0,20F respecbively, If there is only one

complex formed, these ratios are actually the ratios of 1T at the two

different acidities. By dividing log /3] and log /92 by log 2, one
obtains n = 1,45 and 1,87 respectively, This means, if the data

are taken at lace value, that there are two complex species,
-+
Z#‘

Lanford and Xier

Ferl PO and PeHPO
& 14.

RO

. . B N o e
obtained a value of Ky = 1550 at 307 and

oy

g T B o+ a iR - o
0.655 (Wal0O.) and (H') = 0,104 . The average value of X, at
2 i

=

ey D T [ k — 7 (¥4 s 2 J 2 T K
27437, M =0,20 {ﬂaul@h} and (H') = 0,101, obtained in this

& -

research was 002, Any correction in L1 or %, cue to the difference
A

in ionic strengths used, would only maxe the Lwo values Ior ﬁT diverge

even Iurther., They obtained a value of n = 2,02, which proved thatl

. S
lex lon was FelPO, .
H
On the basis of comparison with other iron (I1I) complexes,

one would expect iron (III) to form hirher complexes in a stepwise
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e
O
"
(D

cranple,

marmer unt

(9)

) thiocyanate and the iron (I7L) halide

By dnmman
oIle Lron |

vlexes form successively

lexing agent is dncreased, Since phosphoric acid is ab

best only oidentate, one would expect to lexes with up

o)

to three molecules of phosphate bound to one of iron (IIT),

The argument is offered here that both Lanford and Eiehl and
the author may have been measuring the composite equilibrium
congtant of two or more phosphate complexes and perhaps two complexe

that differ by one proton, instead of the single egquilibrium constant

they thought they were measuring, The evidence in support of this

thesis follows:

6 indicates that €., . - € is a function of

30 m}* sives erratic results

species may oe eliher higher phosphate complexes, or complexes

px

differing only by the dissociation of a proton,)
{b) Tables 1 and 2 show that there i1s an increase in optical
density with increasing (}—53?@&) a2t all wavelengths, and then a

| .. . " o .
decrease ab hig several wavelengths when (H') = 0.10 i,

The decrease in density is, of course, explained by the formation

has smaller extinction coefficlents

vho used a racloactive isotope,
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H
ion~exchange method, obtained a value of KT ~ 30 at (Hﬁ) = 1,08
and//A =1,0 (HaClQu), and furthermore, found that there is a
strong indication that higher complexes are formed, The author

- )
worked at (H3?Oh> =10 3. 107™F and obtained a vaiue for
1

T T
v [ ; ?
<HBPOM> =10 2 _ 1073 Davidson and Whiteker obtained KT ~ 30

%, ~~ 63 Lanford and Xiehl obtained ¥, = 15.5 while using

at (HBPOh) = ,06 - ,05F, This summary supports the conclusion
that higher complexes are being formed at higher (HBPOh). There
appear to be two or more phosphate complexes, (This does not
include the large number of possibilities where two or more
complexes differ only in the number of protons which are coor-
dinated with the complex,)

An additional interesting fact 1s that the complexes formed
in the system iron (III), phosphoric acid do not form "instantan-
eously", Solutions containing phosphoric acid and iron (111),
having concentrations of ~ 5 x 10—hF, were mixed rapidly and
placed in a spectrophotometer, It was found that, 22 seconds

after mixing, a change in density corresponding to only 75% of

the total observed change in density had occurred.



@Aole/lj;ber}

P

=

2z

P
L

‘Qﬂ
.Oo?
.QJ)
2137
2137
» 206

)
o 213

. 262
. 277
.373

o



Lo

MART I D
Whedod d2hd

and T:E‘Clﬂh} = 04100,

o~
je]
J
ol
[
[
<
<
3]
&
)
o
r:?’

310

L
N
(&)

~
L.53 x 1077 008 .008 .00l e
2.07 ] .021 L0719 . 000 vee
2,27 x 107 .05L . 057 .02l .o
2,90 .070 L 063 .02 ves
L.35 Mo L085 .036 .021
! L1068 L0906 £6 L0h2 L0026
50 75 2 110 L0380 .0L3 .027

R URS

& 3

N
SV

%

PR

£

: 7

28 093 .038 .03

P

-
»
o
i \.\
S
ot
o]
i
L
[
-
Y
@
s was
O D
e
L3
s
no
Wi

1.81 207 . 239 172 110 L, 061
2.72 315 .28k . 206 132 .07l
1. 53 362 342 . 2L6 JE6 .086
$e35 413 371 . 270 i vts L092
9,07 5 1130 1100 .296 182 ol
Leb3 xz 10 4 L5L5 L1180 .3L0 . 207 106
3.02 x 107 L6L0 53l 356 J92 092
707 .08 522 2330 67 077

.01y

P
s
Mi

®
T
[
s
o
e
i
(&
AV
o



L1

TABLE 3

Values of D at 90.8 Jx = 0.20, {HCth} = 0,20 M.

(T = mﬁo 200 290 300 310 320
(mola,*iter) (H/A )

. b g

(re™)_ = ol % 1074 7

.53 x 10—& 100 0 e

e D +093 el L0h? .02l

2.07 .199 186 126 .08 LOlT
?B.ﬂo .Zug o 252 . 180 115 . 065
o s 37633 2 a5 ool
_2.m £ 1120 .37h « 269 69 097

oy = - oAE
(re )O € L5 . 205 .091 .0L3 ,023
(Fe™ ) = 2,47 x 107 7

.53 1@"‘4 oS O .

L.53 x . 065 L0650 .0L3 L0209 .018
9,07 .’%ézz L093 L067 L0L3 .023
1a.>9 .1@? 131 .092 .058 .03L
19.12 .19@ 173 25 L0082 ,052
50, A5 L2072 .193 137 LOB7 . 052

atR = o -
(re™7) € .223 102 L0l5 .022 012

(o]



Valuos of D at 9.0, }A,= 0.20, (HC10,) = 0.0F 1,
bk

(<. EB?DA} 280 290 300 310 320 330
{mole/liter) ()

(Fe’ Jog T = 1.9 % 3“4 B
1.13 % aa”h .130 1L L OBl L0508 L032 LO1L
2.2 .26l .232 J75 115 . 065 .@o
2.27 L 246 . 225 LAT77 115 L0068 032
3,00 . 390 .352 N 76 L0k .05L
h.53 132 <397 . 297 195 J12 .OSh
.53 06 .388 . 296 196 15 .055
5.@7 1497 I £330 .223 Jer .062
u.uu 0529 .523 .3Jo . 251 N .070
1? .34 <639 .638 Lﬁé .30L JTh .086

(e =247 % ’iDﬁb’ T
x 107+ 087 .053 .038 ,026 .013 . 009
108 105 . 030 .056 .03L .018
16 L097 L072 .0Lé .02l L013
154 JLo .10k LO6T L0383 019
.189 73 .128 - 087 .050 .02l
.193 73 .130 . 035 04) L025
L2158 197 L7 L0596 .05hL . 027
. 252 « 233 76 120 LO72 .037
307 . 278 2213 LT .092 <057
.31 . 283 .213 L1139 080 .038
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TABLE

Values of Kp’ ( €pep- € )and X (€, - €)=

and fA = 0.20 {Ea@l@h}.
i

" =0.20 F

)\{mﬂ} K € -

o
g
o
[

5

116
310 80 2 200
300 187 Iy 356
200 121 3316 L&e0
280 35 13190 L57
Average 103 + Ul

320 00

..._‘-m.mz»
NO OB e
O ND e

mh =o0.10F

320 572 5Ll 311

310 L60 106l 190

300 290 2197 726

290 527 2163 1140

280 L6z 2628 12158
Average hé2 + 70

320 6L7 1033 875

300 350 2700 2230

290 1060 3100 3260

230 3515 1965 6900
Average 919 + 717

i
m
i
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" Exeluding the value at A = 200 w e



Ratiocs of KT { € .

Mm}x}

320
310

300

220
3 m
s
.3;(_.
Average

at Different Hydrogen Ion Concentrations.

£ 2

oh—

P

N3 O
o ed Co U

5.98
3,66

[£2A WA VSR VE RS
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3

10.45
10.75
8.70
9’92
27.00

9.96

©
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260 m/k .
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Fipure 1
Plot of (Fe™™) /D wersus 1/(£H,P0,) at 320 mp with M= 1,00(2aCI0 ),
(HY) = 0,1 M anf T:= 29,89, 3k a :
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WIS YT TV
INTRODUCTION

Tn view of the fact that the doubly, positively, charged

s Taster with the singly,

e e
ted about Torty Tin

negatively, charged tribromide lon than with the neutral bromine

(1) . . . L . .
molecule, ) the reaction bebween ferrvocyanide lon anc bromine was

studied to detemine the kinetics, and particularly to distinguish

oo

.4 o 21 . - o g gmme 3
among the various possible reacting species,

Unfortunately, several diificulties

i
-

in some detail later) made the formulation of a detailled mechanisn

ossible, However, interesting quantitative and semi-quantitative

il G

observatlions were nade,

Fl

The only similar work of a quantitative nature that has obeen

done, was a short series of experiments on the reaction between

7 on
Le)
o

iodine and ferrocgyendie ion performed by Saal He determined

e

that the reaction was bimolecular, and, unjustifiably, decided thab

the reactants were I, anc Fe(@ﬂ)g T, This work is criticized by

the author, heecause the "anomalous" resulhs obtained by 3aal when

he varied the ionic strength and the chloricde ion concentration
can be explained if both I, and IQCl are reactants,

“
T

The induction of the isomerization of maleic to fumaric acid



L9

by the reaction between bromine and ferrocyanide ion is evidence

3)

\

for the occurrence of tromine atoms or Jr in this reactions”

( i—/ 2

5 b

aube; however, reporhted that the chlorivation of maleic seid
was nobt induced when Terrocyanide lon was added to a solubtion

malelc acld and chlorine; this was interpreted as meaning

that no C1 atoms were produced in the reaction Cl, + 94éf3“)g T
2 C] P

~

The stoichiometry of the reaction

~ - P 2 { 1"')/ I oo -

+ Br, T2 Fe(ln
.

P

w

g
|

has been substantiated by several Investiratorss It has also
{40
) L AN

been staved thal bromine does not attack ferricvanide ion,
The stoichiometry of reaction (1) was checked spectrophotometrically
in this research, by adding a 1,0 x 107 7 ferrocyanide solution,
which was .8 F in hydrogen ion, to a 3.7 x 107~ § bromine solution
hat was 1,0 F in bromide ion, and then subtracting the contribution
due to lerrocyanide from the observed optical density at various
wavelengths., The resultant plot of density versus wavelengih
reed olmost guantitatively with the published spectrin of
)

(7

ferricvanide 1on,



In general, The kinetic experiments were carried oul in a

manner similar to those performed in the reaction between iron (IT)

o

and bromine The only modifications introduced were those reguired

[}

D

’\\ w
~——rt
@

rher observed rate constants (5 - 10 times lar

- . s . . o : - s ;
Solutions having concentrations of approximately 1 x 107 F and

1 - L x 1077 7 of bromine and ferrocyanide respectively, were

discharged into a 10 cm path length, glass stoppered, quartz cell,
which had a volume of approximately 30 ml.. Two 20 ml. hypodermic
syringes, wnich were discharged simultaneously, with the aid of a
wooden handle, through a y-shaped glass mixing chamber, were used
to £113 the cell. Coumwleleness of mixing was insured by inverting
the reaction cell several times,

Potassium ferrocyanide was recrystallized twice from hot,
distilled wator. Welghed gquantities of anhydrous potassium
ferrocyvanide were dissolved in distilled water to make up stock
golutions which were freshly prepared a short time before the
experiments were performed. A very Tasht reaction [completed in
less thoen L0 seconds) occurred, which produced ferricyanide ion,
when the ferrocyanide solubion was diluted with 1 F HClOA. The

. -5 .
exbent of oxidation was approximately 2 x 10 mole/liter of

ferrocyanide.
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e
(8) . - -
Using the extrapolated value '™’ K, = (Br,)(Br )/{ETB) = 0,058,
i L
s e

the followine formal extinction coefficients at 257, = 1,0,
and A= 300 n/A. fo ZL'BTE were caleulated from the extinction

the trivromide ion: 5320 at (Br ) = 0,05 I,

rar o
i

coelficients of

N

and 8860 a 0,15 ¥, The value for

o
~
Ll
o]
~—
I

(Br™) = 0.10 ¥

e
w
o
(@]
J
ot

the extinciion coefficient [or ferricyanide at this wavelength

oo(D)

w.
i
t

solutions of ferrocyanide ion was
neasured at various scidities, &4 maximum density was found at
pH's bebween 2 and 3 at those wavelengths where the extinction
coefficient of ferricyanide greatly exceeded that of ferrocyanide.
Cualitative observations verified the fact that a maximum in the

Pl

rate of formation of a substance which absoroved strongly at
N =120 ¢ 2yVS occurred ab the same pH's as mentioned svove, The
observed phenomenon can ve attributed mainly to the alr oxidation
of ferrocyanide to ferricyanide, which is catalyzed by ultra-violet
(9)
ldght. It would be interesting to observe the optlcal densities
of ferrocyanide solublons as a function of pH in the absence of

OXYHECe

Reliable results, however, were obteined in solutions that had

pHis either é 0.3 or 2% 6.0, one may ovserve the

S ) 1

interesting lzet Lhel Lhe absurplion specira of lerrocyanide ion are



different in acidic and basic solutions., Using Zotov and Yekrasov's

values for the third end lfourth dissociation cowstants of H&Fo bﬁ)é

‘ Il

and assuming that they are correct

¢ bhat ﬁhwe(Cﬁ)é and

. . .. (10)
behave like strong a01as§ !

one can say thalt the exting-
fficients at high acidity in Table 1 refer to HZFe(Cﬁ)g

gy

ones in approximately nentral solution refer to Fe(H 6 .
e

In all the experiments performed, an lonic strength of .90

e + -
was maintained with Na and Gl@h; the temperature was always

o 40 o)
25,17 4+ .27,
[y e ) 3 4 T rrr g Ly -~ S~ A e e o L P,
The method ol analyzing the lkinetic data is exactly The same

a3 outlined in Part I of this thesis., The correction to the

observed density decrement due to the formation of ferricyanide ion
was very large (approximately equal to the observed change in density).
Unless there is a statement made to the contrary, the graphs of

g (T re(Cl)y Y/ (& Br,) versus time which correspond to

]
O

(% Br,) (Z re(cm); ),

"

cave reasonably sood straight lincs for the first 50 — 607 of the
reaction., In the tables, those experiments that are marked with
asterisks are consldered by the author to be less reliavle than

the others, since the caleoulated and cxtropolated initial points

did not agree well,

e

- ot
¥, = 10’3 and ¥ =5 x 10"2 at infinite dilutbion,

.»;3 zi



the Terrocvanide and

the tables, the acidities of

quv the same

wWere ap ‘1"0123““ 2

before they were wmixed, This was cone eliminate the possioilily
of any acid catalyzed reaction being modified, due to a “"slowly™

attained eguilibrium involvin

153

one of the reactan

&

The best conditions for performing the experiments were high
acidity and low bromide ion concentration. As the ac ty was

1

lowered, the reacilon becs
increasingly unreliable,

ne fasber, and the results vect

&

a7

1L 0T

of

concentration,
reaction (1), can

it

Wi

1

found to ode

e considered to be

the bimolecular constant

oe expresse

liter/uole

the results of the experiments performed

The experiments completed under

the most reliable performed

Furthermore, the absence of any obvious trend

with changing ferrocgyvanide or browmine

determining step of

d uy equation (2., The value of k was
Jeq \

s6ec, uncer Lhese conditions,

In Table 3 are displayved the results of experiments periormed at
7T+ ~oo 2 r T Y — [ aBRT; m. P g ] - . [T TR
(1’; > = 0,50 ¥ and Lo ) o= 0,50 L. Thne 11irst three eXperimencs Snow



that at constant

with increasl

performed to debermine

t is clear that

error, no guantitaltive conclusicns asoul ©

srrocyanide concentration.

THe depentence, 1l

o4 e A ndemender o
k is dndependent of

second oraer rate constant

2t the low

I
£

ne coencentration, the "constant' k decreases

5

the bromine concentration over the

1.1

trenc in k with

che reaction proceeds mors rapidly st

o5

than at 0.93 I; however, in view of the unexplained

th ferrocvanlide lon

well as Ll

of the rabe law can dDe madce,

Table i aifords mere information, for, although the trend -with

respect to ferrocyanide
ence between the wvalues

)

trations now falls well

100 ed

the differe

obltained at high and low ferrocyanide concen—

within the large experimental error and can

The composite average Tor all ten experinments done

P o £ W F' 2 L, e DYDY LR o PO
and (Br = 005 ¥ is k = 208 + 1l5. I this is
comvined with the value k =138 + 104 at = 0,93 ¥ and (Br ) =

- - A . , Yy
0.05 ¥, a value of n =1,7 4+ 0.9 results, where k = k!'/(H7)". The

larre experimental errvor therefore masks b

ferrocyanide specgies,

A reasonable extrapolation of the value of

Y (are(cn )z T )/ gre(cn

EN

e nature of the reacting

£y

LL10)
§3 ,

)g}, from,70“3 at zero ionic strength

)
wnere




-2 _, . . . , . .
to 1.8 x 10 7 at )i = 1,0 Ly using the expression iqug I, =- 0. 50

2 s . P . ,
- { }L‘/Kﬂ ~%i}*‘), indicates that most of the lerrocyanide, 2t

X

I

— ~ : ar e s . S . . .
(H') = 0,50 - 0,93 ¥, is in solution as n2ge(05)6. An inverse acid

-
.

dependence of 1.7 indicates that both HFe(Cl) and Fe(CE)g T
are the major reacting species; however, elther one reacting alone

would also it the data within the szperimental srror,

Table 5 shows that changing the (Br ) from .05 to .15 U at

(H+) = 0,73 ¥ does not chénge the rate constant., By raising the
bromide ion concentration by a factor of 3, the bromine concentration
was reduced by a factor of 2, while the tribromide ion concentration
was increased by 50%. The independence of the rate on bromide ion

e

had o
DI, And or as
2 o3

concentration means that the rate constants, involwving

-

the reacting specles are about the same at (') = .73 I3 furbhermory
this meens that the reaction carmmot involve HOBr, at the concentrations
of hyérogen ion and bromide ion used, since the concentration of this
species would be lowered by a factor of & when the (Br ) was increased
from 0,05 10 U.15 1.

In order to see whether 5r2 and Brg reacted with the same species,
three experiments were performed at (H%ﬁ = 0,5 ¥ and (Br ) = 0,05,
0,10, and 0,15 M, Table & shows that varying the broside ion concenm
tration at this lower acidity also had no great effeclt on the rate
constante

The conelusion one reaches is that the rate determining sbep of

~

reaction (1) can be expressed as some combinabion of the following



£
&)

atoms are involved

—
o
5
e

— 'ﬁ‘e(C}I)g T T 42

1ide conecentrations

-6

x 10

Limes three minutes under all

creater

Unfortunately, an

solutions,

R
useda

re experin

the rever

The concentrations

{ added Terricyarice on k at constant initial

The "inhibition® is appar-—

ental error obtained in

reaction (7)

sibility of :

i

™

& would have given half-

woerimental conditions,

of bromine that were

the proper opitical
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TABLE 1

2t
y P

The Formal Extinction Coefficients of Perrocyvanide Solutilons

~ 1077 F in fcid and Heutral Solutions.

>
P
fan
Sat®
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- ot el
360 b5 100
R ray "y -t

370 27 5k

Reprocducible to about + 5%,
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TABLE 2

-~

- + ~ 5 s 7y P P
1) = 0,93 ¥ and (Br ) = 0.05 i,

T T .
p 2 fe(dﬁ}é ) k

(% Iry)

~

(mole/liter x 107) {liter/mole sec.)

7«33 28,35 143
Ge 21 23,77 119
8.0 3. 50 (N
10,25 3. 78 138

10,15
10,15
10,70
10,53

13.36

18,66
30,00
34.50

2,41
34,50

Averazge 138 + 107

163

155

My
115

122

o,
P




(mole/liter x 10
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I L e e
Results at (H) = 0,73 and (Br ) = 0,05 1L,

(T 3r,) (T re(c); © X

p ,
(moles/liter x 1 ) (liter/mole sec, )

8.1L 35,00 205
3.80 33.50 209
3.8L 39,00 245
10,62 35,00 159
13.11 35,00 168

Average 197

14
e
I
o

15.70 233
14,30 238
The 80 "R6D
15.70 165

1, 70 197

Lverage 219 + 1475

»
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Jariable (Br .

(Slurg} (5Lfe(vﬁjé ) (3r7) k
. .6
(mole/liter x 107) (mole/Llitver) {liter/mole secs)

g

34,90 0% 276

9.17
9455 3L.90 .10 *05
0.86 31,90 5 #2066

Average 316 + 199

TABLE 7

. s - _ _ , -
Results at (H') = .73, (Br ) = 0.05 i and Variable QFe(CE)é J oo
(=.3r,) (ZFe(Cl)y ) (Fe(cn g - ”)O
. 6,
(mole/liter x 107) liter/mole sec. )

6.0 19.25 0.00 251

?-%h 19,25 13.1 228

5. 5L 19,25 23.7 186

See paze 52,
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4

L, A. Guggenheim, Phil,




3 v

The reaction bebtween lodine and ferrocyanide ion

should be reinvestigated by a2 spectrophotometric method,
o I <J§ } 1 - s Ry 1 ~
Saalls "anomolous' resultbs can be explained if both

I.01L and I. are congidered as reactants,
Z

2

Y

The

4

migh cross sectlons of certain metals for "slow!
neutrons suggest & scheme for detecting these metals
in the presence of the more common metals, Ffor example,

/o)

0.5% indium in iron should be detectable by this methody”

The suggestion has Dbeen made that in reactions where
P is very small, wiere k = Pz exp(~E/RT), as in the
Henschutikin reaction, one might be able to bring P closer
to unity 1L the very swmall dissoclation constant of the

e o (3)
alloyl holide is considorede~”’

A mcthod of teobing thio

hypothesis is proposed.

(2) A method is suggested for deterniming the maximum

difference in bond energy for H ... O0.H and H ... 02.

2
(b) Dainton and Collinson are quoted as stating(h) that

18

by using H,0 ~ they determined that the reaction

Y

3

O 4+ HO, is much faster than 04 + #H0 H -~ HOH

o T 7
O -+ E;ZQQ—J» e 5

e



Te

66

where the 08 radicals are produced by the phoitolysis of
. - . . L .  ~18
5202. The proposal is made that any method using hzo
could not possibly reveal eny information on that subject.
The failure of zinc to come down in its proper place

in semi-micro qualitative analysis schemes should be fully

studied by the use of radiocactive zinc,

The alir oxidation of ferrocyanide ion should be
invesbigated as a function of pH, GQualitative observations
indicate that the maximum [ormation of ferricyanide takes
place ot a piH that corresponds to a maximum HFe(CN); = ~

(5)

concentration.

L

Qualitative observations have been made on the

e s . ., (6)
complexing between titanium (IV) and hydrogen peroxide.
An interpretation of these obgervations 1s proposed, A

progran for research in the field of titarnium complex ion

formation is suggested.

The system iron (II), phosphate buffer should be
investigated for complex ion formation by either a

radicactive, ion-exchange method, or by a method involving



a change in pH, A complex formed in this system would
explain the catalytic effect of phosphoric acid in the

reaction betwesn iron (II) and bromine,

s Optical isomerism has been observed in tervalent
o o R () B
arsenic when two of its bonds are part of a ring. " Th is
proposed that an arsenic compound such as
(i::X/ OQ\(/\\
7~
S Rl AN
\
W\,
be tested for optical isomerism,.
10, It is suzgested that all graduate students read

some of the papers presented in the first few volumes

of the Zoyal SBociety of London, Philosophical Transactions.
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